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I NTRODUC TION 

By l e tter d a t ed Septembe r 1 8 ,  1 9 7 8 , the Na t io n a l  Pe tro l e um 
Coun c i l , a n  i nd u s try ad vi so ry c ommi t tee to the S e cre tary o f  E nergy , 
was r eque s ted to prepare an ana lys i s  of the f ac tors  wh i c h  a f fe c t 
t he ab i l i ty o f  the d ome s t i c re f i n i ng i nd u s try to r e s po nd to demands 
for e s s en t i al pe t ro l eum prod uc t s . The C o un c i l  l a s t  prepa red s uch a 
s tudy i n  1 9 7 3 . I n  req ue s t i ng the new s t udy the S e c r e ta ry s pe c i f i ed 
that i t  should be : 

. . .  a c ompre hen s i ve s t udy o f  the h i s tor i c al trend s  a nd 
pr e s e n t  s ta t us of the d ome s t i c  re f i n i ng i ndu s try ' s  
sources of  c r ude o i l a nd i t s c apab i l i ty to proc e s s  
these crud e s  i n to ma rke table pe tro l eum prod u c t s . T h e  
s t udy should a n a ly ze fac tors  a f fec t i ng the f u t ure 
trends in crud e o i l ava i l a b i l i ty ,  r e f i n i ng c apab i l i ty ,  
and the c ompe t i t ive econom i c s  of smal l , med i um ,  a nd 
l arge re f i ne ry ope r a t ions through the ye ar 1 9 9 0 . T h e  
s t udy should a l so e x amine t h e  i ndus t ry ' s  fl e x i b i l i ty 
to me et d i s l oc a t ions of s uppl y . [ S e e  Appe nd i x  A f o r  
comple te t e x t  o f  the S e c r e t a ry ' s  l e t t e r . ]  

I n  re s ponse to t h i s  r eq ue s t ,  the Na t io n a l  P e t ro l e um C o unc i l  
e s tab l i shed a Commi ttee on Re f i nery F l ex i b i l i ty und e r  t h e  ch a i rman
s h ip of Jerry McAfe e ,  Cha i rman o f  the  Boa rd , G ul f  O i l  Corpor a t i o n . 
The Commi tte e i s  a s s i s ted by a Coord i nat i ng S u b c ommi t tee and two 
Task Group s . John R .  H al l , V i c e  Cha i rman a nd Ch i e f  Ope ra t i ng 
Of f i ce r , As hl a nd O i l , I nc . , i s  C h a i rma n of the Re f i nery Capab i l i ty 
Task Group ; s. E .  Wa t t e r so n , J r . , Corpora t i o n  Man age r-Ta nke r  a nd 
D i s t r ibu t i o n  Pl ann i ng S t a f f ,  S t andard O i l  Company o f  C a l i fo r n i a , i s  
Cha i rman o f  the O i l  Supply , Dema nd a nd Log i s t i c s  Ta s k  Grou p ;  a nd 
Wa rren B. Dav i s ,  Ch i e f  E c onom i s t , G ulf O i l  Corpo ra t ion , i s  C h a i rman 
of the Coord i na t i ng S ub c ommi t te e . Th e members  of the two T a s k  
Groups a r e  i nd u s t ry exp e r t s  i n  the i r  re spe c t ive f ie ld s  a nd t h e  mem
be r s h i p  of the  Coo rd i n a t i ng S ubcommi t tee i n c l ud e s  the cha i rmen o f  
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the two Task Groups a nd i nd i v id u a l s  from ou t s id e  o f  the  i nd u s t ry 
who pro v id e  a broader po i n t  o f  v i ew for the s t udy .  ( Ro s t e r s  o f  a l l  
s tudy par t i c ipants  a r e  i n c l ud ed i n  App e nd i x B . ) 

An e a r ly d e c i s ion i n  the s t udy e f fo r t  wa s the  n e ed to deve l op a 
n ew , c ompre h e n s ive d a t a  base on a l l  u.s. re f i n i ng f a c i l i t ie s  i n  
p l ac e  and u nd e r  con s t ruc t ion . I n  ord e r  to obta i n  s uc h  a d a t a  b a s e , 
a q ue s t ionna i r e  was prepared and s e n t  to a l l  U . S .  re f i n i ng 
c ompa n i e s . 

A s  o f  J a nuary 1 ,  1 9 7 9 ,  1 7 4  comp a n i e s  ope rated 2 8 7  r e f i ne r i e s  i n  
t h e  con t i n e n t a l  U n i ted S tate s ,  A l a ska , H awa i i  a nd G u am , l w i th a 
total c rud e  o i l  proc e s s i ng c apac i ty o f  1 7 . 3  m i l l i o n  barr e l s  per day 
(MMB/D ) .  The Counc i l  rece ived a mos t gra t i fy i ng r e s po n s e  to i t s  
reque s t  for very d e ta i l ed and , i n  some c as e s , s e ns i t ive d a t a  o n  
each re f i n i ng fac i l i ty .  The Counc i l  w i s h e s  t o  a c knowled g e  th i s  
h ig h  l e ve l o f  coope rat ion and t hank the  respo nde n t s  f o r  the i r  t ime 
and though t f ul cons id e r a t ion of th i s  ma t te r . I n  to t a l , re s pon s e s  
were rece ived on 1 6 . 9  MMB/D , o r  9 8  pe rce n t ,  o f  total U . S .  r e f i n i ng 
capac i ty .  Re s po n s e s  we re a l so rec e ived from an add i t i o n a l  two 
r e f i n e r i e s  sched u l ed for start-up pr ior to J a nu a ry 1 ,  1 9 8 2 . 

Another early d e c i s ion i n  the s t udy e f fo r t  wa s the need to 
prepare a c omprehens i ve data base of pe tro l e um s upply and d emand 
pro j e c t ions  to 1 9 9 0 . S uc h  a da ta base wa s d e emed nece s s ary to be 
able to re s pond to the  S e c r e t a ry ' s req ue s t  for an ana lys i s  o f  
f u t ur e  trend s  i n  re f i n ing capab i l i ty and c omp e t i t iv e  e c onom i c s  to 
1 9 9 0 . I t  was f urther agreed , howeve r ,  th a t  i t  would be i nappropr i
ate for the Coun c i l  to fore c a s t  pe tro l e um s upply a nd d ema nd , a nd 
that i t  would be nece s s a ry to reta i n  a th i rd p a r ty to prepare a n  
aggreg a t i o n  o f  n ume rou s pr ivate foreca s ts . A l i s t  o f  3 2  i ns t i tu
t ions  in the Un i t ed S ta t e s  and abroad wa s prepar ed in an a t t empt to 

lc a r i bbean r e f i n e r i e s  are not i nc l ud ed in t h i s  I n te r im 
Repo r t . S urvey r e s po n s e s wer e  rece ived f rom s ev e r a l  o f f shore 
plan t s , but were not i nc l ud ed i n  the t a b ul a t ion because th ey we re a 
l ow pe rcentage o f  total Car i bbean c apac i ty. a nd we r e  j ud g ed t o  be 
unrepre s en t a t i ve of the area a s  a whol e .  
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sol i c i t  fore c a s t s  f rom a l l  org a n i z a t ions thoug h t  to h av e  or be 
capab l e  o f  prepar i ng s upply/d emand d a ta i n  the d e ta i l  need ed . A 
total o f  2 0  respo n s e s  wa s rece ived ,  1 4  o f  wh i c h  were f rom f irms i n  
the pe trole um i nd u s t ry . The other s i x re pre s e n t  a m i x  o f  con s ul t
i ng and research f i rms , a nd u.s. and fore ig n g ov e r nmen t a l  ag enc i e s . 

Th e purpo se o f  th i s  I n te r im Re po r t  i s  to pre s e n t  the agg reg a
t ion o f  these two s urveys and the i nd iv id ual f i nd i ng s d e r ived 
there f rom . Th e s urveys we re cond uc ted i n  e a r l y  1 9 7 9  a nd d o  no t 
re f l e c t  the events wh i c h  h av e  occ urred s i nce t he n .  The f i n a l  
report w i l l  conta i n  d a t a  wh i c h  upd ate c e r ta i n  par t s  o f  the  ma te r i a l  
pre sen ted here i n . 

Th i s  I n te r im Re por t  s pe c i f i c a l l y  doe s not a n a l y z e  the s urvey 
f ind ing s nor d r aw any c onc l u s ions regard ing the f u t ur e  ad equacy o f  
c urrent and pl anned re f i n i ng capac i t y  o r  the c ompe t i t iv e  econom i c s 
o f  re f i n i ng i n  the Un i ted S t a te s . Th e s e  i s s u e s  a s  we l l  a s  an 
analys i s  o f  the i nd u s t ry' s  fl e x ib i l i ty i n  t ime s of s upply d i s
locat ions w i l l  be d i s c us s ed i n  d e t a i l  i n  the f i n a l  repo r t . F u r t he r , 
th i s  Inter im Re por t  doe s not analy ze the re s ul t s o f  the two s urveys 
a s  a un i t . Th e f i nal repo r t  w i l l  pre s e n t  approp r i ate a na l y s e s 
wh ich w i l l  c ompare the separate re s ul t s  o f  the s e  t wo e f for t s . 

METHODOLOGY OF PROC E S S ING S URVEY RESPON S E  DATA 

Th e c e r t i f i ed pub l i c accoun t i ng f i rm o f  Ar thur �o ung & Company 
was re ta i ned by the N a t ional Pe trole um Co unc i l  to rece ive and 
agg reg ate the re spons e s  o f  both the Re f i nery Capab i l i ty s urvey and 
the Suppl y/Demand Forecas t s urvey . Arthur Young & Company wa s 
ins truc ted to treat al l respo n s e s  i n  s tr i c te s t  con f id ence and to 
re lease no id en t i f i ab l e  i nd iv id ual c ompany d a t a . The a c c o un t i ng 
f i rm was a l so i n s truc ted not to r e l e a s e  any a g g r e g a ted d a ta e l ement 
unl e s s  the r e s pon s e s  of a t  l e a s t  three org an i z a t ions wer e  i nc l ud ed 
( or a wr i t te n  wa iv e r  o f  con f id en t i a l i ty wa s obta i ned ) . Th roug h 
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t h e s e  procedure s , Ar thur Yo ung & Comp any h a s  a s s ured t h a t  no i d e n
t i f i ab l e  i nd iv i d ua l  company data we re made ava i l ab l e  to s t ud y  pa r
t i c ipan t s  or o th er s , nor can s u c h  i n fo rm a t i on be d e r iv ed from the 
data pre s en ted . 

Ar thur Yo ung & Company wa s prov ided a n umbe r o f  te s t s  to apply 
to a l l  d ata f rom respo nd e n t s  to check the reasonab l e ne s s  o f  the 
entry , but d id not a ud i t  t he s ubm i s s i on s . B a s ed on prov i d ed g u id e-
l i n e s , d at a  proc e s s i ng rou t ines we re deve l oped for agg reg a t i ng and 
repor t i ng the Re f in e ry Capab i l i ty s urve y  d a t a  by c ompany and 
r e f inery s i ze ( 0 - 1 0 ,  1 0 - 3 0 , 3 0- 5 0 , 5 0 -1 0 0 , 1 0 0 - 1 7 5 , and 1 7 5 +  MMB/D , 
by geog r aph i c  reg ion ( PAD d i s tr i c t s , s e e  F i g ure 1 )  a nd by c ompl ex i
ty f a c tor ( 1 -3 , 3 -5 , 5 - 7 , 7 - 9 , 9 -1 1 ,  and 1 1+ ) . Th e comp l e x i ty 
fac tor employed i n  the s t udy i s  e s se n t i a l ly the Ne l son Re f i n i ng 

N. DAK. I 

Figure 1. Petroleum Administration for Defense ( PAD) Districts. 
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Comple x i ty Factor , e x c l ud i ng asphal t and lub r i c at i ng o i l s  c apac i ty .  
Total proce s s  c ompl e x i ty i s  based upon we i gh t i ng f a c tors  for each 
p roce s s  ope r at ion , wi t h  crud e  d i s t i l l a t i on a s s ig ned a va l ue o f  one . 
The c ompl e x i ty for each re f i ne ry i s  c omp u t ed by s ummi ng the 
we igh ted ar i thme t i c  fac tors fo r a l l  of i t s pr o c e s s e s . I nd i v id u a l  
proce s s  c ompl ex i ty f a c tors and the proced ure for c omp u t i ng re f in e ry 
c ompl ex i ty are provid ed i n  Appe nd i x  c. 

RE FINERY CAPABI L I TY SURVEY 

The Re f in e ry C apab i l i ty s urvey wa s d i s t r i buted to a l l  u.s. 

re f i ner i e s  i n  J a nu ary 1 9 7 9  and re sp o ns e s  we re rece i ved i n  the 
s pr i ng and s umme r o f  1 9 7 9 .  The s urvey cons i s t ed o f  three par t s . 
Part I soug h t  de t a i l ed d a ta on e ach re f i ne ry ' s  1 9 7 8  t h rough 1 9 8 2  
ope ra t ion s , and i nc l ud ed those fac i l i t ie s  i n  pl ace a s  o f  J a n u a ry 1 ,  
1 9 7 9  and tho s e  fac i l i t i e s  f i rm ly c ommi t ted for i n s tal l a t ion pr ior 
to J anuary 1 ,  1 9 8 2 . The re s ul t s  of Pa r t  I are s umma r i zed i n  
Chapter One and Appe nd i x  C .  Part  I I  o f  the s ur vey add re s s ed 1 9 7 8  
crude o i l  c o s t s  and re f i n e ry ope ra t i ng cos t s . Da ta we re a l so 
s oug h t on re f i ne ry g ros s f ix ed as s e t s  and repl a c em e n t  cos t s  a s  of 
J anuary 1 ,  1 9 7 9 . De ta i l s  of Par t I I  are pre s e n t ed i n  Chapt e r  Two 
a nd Appe nd i x  D .  Part I I I of the s urvey wa s conc e r ned w i th new 
fac i l i t i e s  ( i n add i t ion to those ind i cated in Par t  I as a l r e ady 
commi tted to be compl e ted pr ior to J a nu a ry 1 ,  1 9 8 2 ) , wh i ch wo u ld be 
req u i red by re f i n i ng c ompa n i e s  under three spec i f i c hypothe t i c a l  
c ase s :  ( 1 )  Provid e  c apa bi l i ty to s ub s t i t u te add i t io nal h ig h  s ul f ur 
crude o i l equal to 2 0  pe rcent of 1 9 8 2  c r ude o i l c apac i ty ;  ( 2 )  i n
c rease prod u c t ion of un l eaded ga so l i ne to 9 0  pe r c e n t  of tota l 1 9 8 2  
gaso l i ne poo l ;  a nd ( 3 )  i ncre a se prod uc t i on o f  l ow s u l f ur h e avy f ue l  
o i l by 2 5  pe rcent ove r total heavy f ue l  o i l th a t  wa s pr oj e c ted fo r 
1 9 8 2 .  Chapter Three conta i n s  the re s ul t s  of th i s  part o f  the s ur
vey . For refe rence , the Re f i nery Capab i l i ty s urvey and i n s truc t ion 
shee ts are r e prod uc ed in Appe nd ix E .  
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S UPPLY/D EMAN D S URVE Y  

D e tai l ed hi s tori c a l  s uppl y/demand d a t a  for the  pe riod 1 9 7 2- 1 9 7 7  
are pre s e n t ed i n  Appendi x F .  I f  1 9 7 8  ac t u a l  d a ta are  avai l ab l e  a t  
the time o f  the prepar a tion o f  the fi n a l  repo r t , t h e y  wi l l  b e  i n
c l uded . Th e Suppl y/Dema nd s urvey form a nd i n s t r uc tions are repro
d uc ed i n  Appe ndi x G .  Ag g reg a tions of the r e s po n s e s  to the s urvey 
fo rm are shown in Appe ndi x H a nd di s c u s s ed in Cha p t e r  Four . 

Re s po n s e s  to the s urvey were received i n  the s pri ng a nd s ummer 
o f  1 9 7 9 .  Th e i ndivid u a l  fore c a s ts whi c h  provid e the basi s  for the 
aggreg a tions we re almo s t  all prepared i n  l ate 1 9 7 8  or very e ar l y  
1 9 7 9 .  Be c a u s e  o f  t hi s , t hey d o  no t re f l e c t  t h e  po li ti c a l  a nd eco
nomi c events  which h ave occ urred i n  1 9 7 9 .  Be c a u s e  the 1 9 8 0 - 1 9 9 0  
d at a  i n  Ch apter Fo ur are based o n  now o u td ated fore c a s t s  a nd the 
fact tha t many r e s po nd e n t s  wo uld mo s t  li ke l y  c ha ng e  thei r  f ore
c a s t s , the fi n a l  repo r t  wi l l  contai n  data whi c h  u pd ate po r tions o f  
the Chapter Four d at a . 

Whi l e  no longer re pre s e n t a tive o f  i nd u s t r y ' s  c urre n t  forecas ts , 
the i ni ti al s urvey re s ul ts contained i n  the I n te rim Re po r t  a re 
d e emed use f ul for the p urpo s e s  o f  thi s  s t udy . E a c h  re fi n e r  base s 
hi s con s t r uc tion a nd o pe r a ti ng d eci sions on hi s pe r c eption o f  the 
f ut ure s upply/d emand e nvironme n t .  The f a ci li ti e s  i n  pl ace a nd 
u nder cons tr uc tio n , a s  repo r ted in Ch apter On e , a r e  b a s ed o n  a 
s upply/ d emand o u t look which wa s prepared i n  abo u t  the s ame time 
f rame as those re f l e c ted in the Ch apter Four d at a . Si nce one o f  
the areas to b e  cove r ed by the fi nal re por t  i s  a n  a n a ly si s  o f  the 
f l exibi li ty of the i nd u s try to respond to c h angi ng p a t t e r n s  i n  
c r ud e  s o ur c e s  a nd prod uc t d emand s , t h e  agg r eg a ted s uppl y/d emand 
forecas t s  wi l l  provid e a basi s  for d e t e rmi ni ng f u t ur e  requi reme n t s . 
As noted e arlie r , howeve r ,  no compari son o f  the  d a t a  f r om the t wo 
s urveys h a s  been mad e  for thi s  I n te rim Re po r t . 
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F INAL PHASE OF THE STUDY 

Th e f i na l  repo r t  w i l l  b u i ld on the d a ta pr e s e nted i n  t h i s  
Inter im Re por t  and w i l l  prov id e  analyses  and d i sc u s s ions  i n  r e
s ponse to the three ma i n  are a s  reque s t ed by the  S e c r e tary : 
( l )  f u t ure pro j e c t ions  o f  c r ud e  o i l  ava i l ab i l i ty a nd qual i ty , and 
re f i n i ng capab i l i ty ;  ( 2 ) c ompe t i t iv e  e conom i c s  o f  smal l ,  med i um ,  
and l arge re f in i ng operat ions i n  the U . S .  a nd the i r  r e l a t ive pos i
t ion v i s  a v i s fore ig n re f i n i ng ope ra t io n s ; a nd ( 3 )  f l e x i b i l i ty to 
mee t  d i s l oc a t ions o f  s upply . 

The f i n a l  re por t w i l l  e xpand on the s uppl y/d emand d a t a  pr e
s en ted in th i s  i n te r im repo r t  in an a t tempt to bracket a reasonable 
range o f  ava i l ab i l i t i e s  a nd req u i reme n t s  through 1 9 9 0 .  As  no ted 
earl ier , t h i s  w i l l  be a ccompl i s hed i n  part by upd at ing c e r t a i n  
port ions o f  the s up p l y/d ema nd d a ta s hown i n  th i s  re por t .  Th e 
fac i l i t i e s  i n  p l ace or und e r  construc t io n  wi l l  be t e s ted ag a i n s t  
th i s  range o f  supply/d ema nd o u t looks t o  d e t e rm i ne wha t , i f  any , new 
fac i l i t ie s  w i l l  be requ i red to be con s truc ted . I f  new f ac i l i t i e s  
are requi red , the i r  con s tr uc t ion cos t s  w i l l  be e s t ima ted . 

I t  i s  ant i c i pated that the analys i s  o f  t h e s e  a nd o ther r e l a ted 
i s s ue s  w i l l  be comp l e ted by the second quarter o f  1 9 8 0 . 
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SUMMARY 

CURRENT AND PROJ ECTED RE FINERY OPERAT IONS AND FAC I L I T I ES 

Th i s  s e c t ion s ummar i ze s  the s urvey data on ref i ne ry f ac i l i t ie s  
i n  place as of J anuary 1 ,  1 9 7 9 ,  and tho s e  c ommi t ted for i n s t a l l a
t ion by J a nuary 1 ,  1 9 8 2 . 1 A c t u a l  1 9 7 8  oper a t ions  and ope ra t i ng 
plans  through 1 9 8 2  a re a l s o  s umma r i zed . The s e  d a t a  are based on 
s urveys s ubmi tted to all U . S .  ref i ners  in J a n uary 1 9 7 9 . 

Re s pons e s  to th i s  part of the s urvey we re rece i ved from 2 4 6  re
f i ner ie s ,  repre s e n t i ng 9 7 . 7  per cent of the r ef i n ing c apac i ty i n  the 
50 s tates  and G u am .  Th i s  r e s ponse a l so repr e s e n t s  8 6  pe r c e n t  of 
the 2 8 9  ref ine r i e s  owned by the 1 7 4  r ef i n i ng comp a n i e s  i n  the  
Uni ted S ta te s .  P u e r to R i co and the V i r g i n  I s l ands are no t i nc l ud ed 
i n  the s urvey r e s ul t s . 

Ref i n ing Capac i ty 

• As of J anu ary 1 ,  1 9 7 9 ,  c ompan i e s  r e s po nd i ng to the s urvey 
had a c omb i ned c r ude o i l ref i n i ng c apac i ty of 1 6 , 8 7 8  thou
s a nd barre ls pe r day ( M B/D ) . 2 Pr o j e c t ions for J a n u a ry 1 
of 1 9 8 0  and 1 9 8 2  s h ow tha t the s e  s ame ref i ne r i e s  w i l l  have 
aggreg a te e s t ima ted c apac i t i e s  of 1 7 , 2 6 0  a nd 1 7 , 9 6 9 M B/D on 
the two date s , respe c t ive ly . 

The se pro j e c t ions  repre s e n t  a capac i ty g r owth of two pe rcent 
per ye ar in  each of the next three ye a rs . 

lA l l  data are repor ted on a c a l e ndar day bas i s  ( no t  s tr e am 
day ) . C a l e ndar day d a t a  i n c l ud e  pr ovi s ion fo r l imi ted s h u tdown s 
a s soc i a ted with  reg u l a r ly sched ul ed ma i n te nance and other 
eq ui pmen t- r e l a ted f ac tors . 2A l l  d a ta h ave been round ed t o  the neare s t  thous and barre l s  
per day . 
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• Mod e s t  g a i n s  i n  c apac i t i e s  appear i n  a l l  PAD d i s tr i c ts . 
The two pe r c e n t  i ncrease i n  1 9 7 9 w i l l  be d i s tr i b u t e d  
throug hou t  t h e  n a t ion , b u t  PAD I I I  d om i na t e s  the  1 9 8 0 -1 9 8 2  
i n c re a s e  wi th a n  e xpan s ion o f  5 1 6 M B/D . 

• Wi th r e s pe c t  to re f i ne ry s i z e , the f i nd i ng s  i nd i c a te that  
there wi l l  be m i n imal c hang e  in  the re l a t i v e  p e r c e ntag e s  o f  
re f i nery c apac i ty i n  the var ious  c a t ego r i e s  d ur i ng th e 
three-y e a r  pe r i od beg i n n i ng J a nuary l ,  1 9 7 9 . 

Crude O i l  S l a te s  

• Re s po nd ing compa n i e s  proc e s sed 1 4 , 6 5 5 M B/D o f  c r u d e  o i l  and 
cond e n s a t e  in thei r  re f i ne r i e s  d ur i n g  1 9 7 8 .  In add i t io n , 
1 , 3 74 MB/D o f  o ther feed s tocks we re proce s s ed , s ome o f  wh i c h  
may h ave been c h a rged t o  crude d i s t i l l a t ion un i t s  ( red uced 
c rud e ,  natural g a so l ine , naphtha , e tc . ) .  Pr oj e c t io n s  of f u
t ure c r ud e  o i l  re f i n i ng rates  for re s pond i ng c ompan i e s  s how 
an i ncrease  of about 1 4  percent to 1 6 , 7 4 0 MB/D o f  c rud e o i l  
and c o nd e n s a te i n  1 9 8 2 .  I n  add i t i o n , 1 , 2 4 4  M B/D o f  o t h e r  
feed s tocks we re repo rted fo r 1 9 8 2 .  

• I n  1 9 7 8 , 4 5 . 9 p e r c e n t  o f  the c r ud e  o i l  proc e s s ed by the  re
por t i ng re f i ne r i e s  wa s o f  med i um to h i g h  s u l f ur conten t 
( g re a t e r  than 0 . 5  w t % s u l fur ) . Th e propo r t i o n  o f  above 0 . 5  

w t  % s u l f ur c r ud e  o i l  i s  proj e c ted to i nc r e a s e  t o  4 9 . 2  pe r
cent  in 1 98 0  a nd 5 1 . 3 perce n t  i n  1 9 8 2 .  Th e s e  c ha ng e s  were 
ev i d e n t  in PADs I I I  and V and for a l l  re f i ne ry s i z e 
categor i e s  e x cept 0 -1 0  M B/D . 

• I n  1 9 7 8 , the  total  o f  c r ud e  o i l  proce s s e d  o f  g re a t e r  than 
0 . 5  w t  % s u l f ur wa s 6 , 6 8 5  M B/D , of  wh ich 1 , 9 9 8  M B/D ( o r  2 9 . 9  
perce n t ) was med i um s ul fur crud e  o i l  ( be twe e n  0 . 5  a nd 1 . 0  w t  
% s u l f u r )  and  4 , 6 8 7  M B/D ( o r  7 0 . 1  percen t )  wa s h i g h  s u l f u r  
c r u d e  o i l  ( ov e r  1 . 0  w t % s u l fur ) . 
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S ubs t i tu t ion o f  H i gh S u l f ur C rude O i l  

• Re spond e n t s  e xpec t to u t i l i z e  mos t  o f  the i r  repo r ted c apa
b i l ity to proce s s  h igher s ul f ur cr ud e  o i l s . Survey re s ul t s  
s how that  betwe e n  3 97 and 9 6 8 M B/D o f  s o u r  c r ud e  o i l  could 
be s ub s t i t u t ed for s we e t  c r ude o i l s  i n  1 9 8 0  u nd e r  known 
e nv i ro nmental r e s t r a i n t s , d epe nd i ng upo n  c r ud e  o i l  type 
( med i um or h ig h  s ul f ur , l ig h t  or h e avy ) . Red uc t ions  i n  
total c r ud e  o i l  throug hpu t s  a s s o c i a ted w i th t h e s e  s ub
s t i t u t ions amo unt to 4 3 -1 6 9  M B/D . The c apab i l i ty to 
s ub s t i tute h i g he r  s u l fur c r ud e  o i l  is  r e l a t iv ely u n c h a ng ed 
a t  3 3 9 - 9 5 7  M B/D i n  1 9 8 2  and i s  f a i rly eve n l y  d i s tr i b u t ed 
throug ho u t  al l PAD d is tr i c ts . 

Motor G asol i ne 

• Tr end s  i n  prod u c t  y i e ld forecas t s  s how t h a t  g aso l in e  
vol ume s are e xpec ted t o  incre a s e  f rom 7 , 2 3 7  M B/D i n  1 9 7 8  to 
7 , 5 8 8 M B/D i n  1 98 0 ,  a nd to 7 , 8 4 6 M B/D i n  1 9 8 2 .  Wh i l e  these 
vol ume s i ncreas e 6 0 9  MB/D ( a  c ompo u nd ed g rowth rate of  2 . 0 
percent per ye ar ) , g as o l ine y i e ld s  f rom c r ud e  o i l  and o ther 
feed s tocks are proj e c t ed to d e c l i n e  from 4 5 . 1  t o  4 3 . 6  
percent from 1 9 7 8  to 1 9 8 2 .  

• Oc tane n umber i s  a s ig n i f i c a n t  f ac tor i n  the  c apab i l i ty o f  a 
re f i ne ry to prod uce unl e ad ed g a sol i n e . 3 The r e po r t ed 1 9 7 8  
c apab i l i ty for blend i ng unlead ed g a so l i n e  o f  a n  o c tane 
n umber of 87 ( R+M ) /2 was 4 , 6 1 5  M B/D ; u n l e ad ed g a so l i n e  
c apab i l i ty d rops to 3 , 1 95 f or 8 9  ( R+M ) /2 a nd t o  2 , 5 73 M B/D 
fo r 90 ( R+M ) /2 . The Depar tmen t  of Ene rgy r e po r t ed that  the 

3o c tane n umber s  are c a l c ul ated by e i th e r  the Re s e a r c h  o r  
Mo tor me thod . Da t a  i n  th i s  report a r e  b a s ed o n  the a r i t hme t i c  
average o f  these two c a l c u l at ions [ (R+M ) /2 ] . 
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n a t ional averag e o c tane n umber for un l e ad ed g aso l ine i n  1 97 8  
wa s 8 8 . 5 ( R+M ) /2 ;  b a s ed � pon prev i o u s l y  d e s c r i bed s urv e y  
d at a , the  1 97 8  c apab i l i ty t o  prod uce 8 8 . 5 ( R+M ) /2 u n l e ad ed 
g a so l ine wo uld h av e  been 3 , 5 0 0  M B/D . 4 

• The s urvey i nd i c a te s  a c apab i l i ty i n  1 9 8 0  to prod uc e 5 , 9 2 7 
MB/D o f  8 7  ( R +M ) /2 ,  4 , 0 1 8 M B/D o f  8 9  ( R+M ) /2 ,  o r  2 , 8 86 M B/D 
o f  9 0  ( R +M ) / 2  u n l e ad ed g a sol ine . The 1 9 8 2  capab i l i ty i s  
approx imately 5 5 0  M B/D over 1 98 0  e st imates for u n l e ad ed 
g a so l i ne . 

• The n umbe r  o f  re f i n e r i e s  capable o f  prod uc i ng u n l e ad ed g a s o
l ine d e c r e a s e s  w i th i ncre a s ed oc tane n umber req u i reme n t s . 
For. e x ampl e ,  i n  1 9 8 0 ,  5 9  fewer re f i ner i e s  wo u l d  b e  c apable 
of  produc i ng un l e ad ed gasol ine if  o c tane n umber spec i f i c a
t ions we re i n c r e a s ed from 8 7  t o  9 0  ( R+M ) / 2 . Howev e r , 4 0  o f  
the s e  re f i ner i e s  coul d con t i nue to produ c e  8 7  ( R+M ) /2 o c tane 
n umber unl e ad ed g a sol i ne and the r ema i n i ng 1 9  could prod u c e  
8 9  ( R+M ) /2 u n l e ad ed g a so l ine . Th e a g g reg a te 1 980 c apab i l i ty 
to man u f ac t ure u n l e ad ed g a sol i ne wo uld b e  5 , 9 2 7  M B/D whe n  
max im i z i ng 8 7  ( R +M ) /2 ;  4 , 3 3 5 M B/D w h e n  max im i z i ng 8 9  
( R +M ) /2 ;  and 3 , 4 5 8  M B/D whe n  max imi z i n g  9 0  ( R+M ) /2 g rade . 

• Con s i s te n t  w i th the above 1 9 8 0  capab i l i ty , when max imi z i ng 
un l ead ed g a so l ine , the l ead content for the rema i n ing l e ad ed 
g a sol i ne wo uld r ange f rom 0 . 9 t o  1 . 5  g r am s/g a l lon , d e p e nd ing 
upo n  oc tane n umber spec i f i c a t io n s  for the  un l e ad ed g aso l ine 
and the r a t io of unl e ad ed to l e ad ed g a so l i n e  vol ume s . Th e 
averag e l e ad content o f  the total g as o l ine poo l  ( l ead ed and 
unl e ad ed g asol i n e ) i s  max imi z ed a t  0 . 5 g r am s/g a l lon i n  kee p
i ng w i th Env i ronmental Pr ote c t ion Ag ency ( E PA )  l ead l im i ts . 

4 The s e  d a t a  for 1 9 7 8 were d ev e loped i n  the  con t e x t  o f  feder a l  
l ead phasedown s tand ard s i n  e f f e c t  i n  1 9 7 8 .  
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Other Prod u c t  Trend s  

• S ig n i f ican t  change s i n  the pe rcen tag e y i e ld s  based o n  re
f in e ry i np u t s  i n c l ud ed i ncreases in ke ros i n e-b a s ed j e t  f ue l  
a nd feeds tock s so ld to ot hers , wi th a d e c re a s e  i n  g a so l i n e  
and d i s t i l la te No . 2 f ue l  o i l . BTX ( be n ze n e , t o l uen e , a nd 
xyl ene ) proj e c t ions  show a n  ind u s t ry-w id e  g a i n  from 1 1 5  to 
1 5 5  M B/D be twe e n  1 9 7 8 and 1 9 8 2 . 

Low S u l f ur Heavy F u e l  O i l  

• Survey re s ul ts pro j e c t  a 1 9 8 0  c apab i l i ty ,  und e r  no rmal con
d i t i on s , to pr oduc e 3 9 7  M B/D of heavy f ue l  o i l  of l e s s  than 
0 . 3  wt % s u l f ur conte n t .  The c apab i l i ty for l ow s u l f ur f ue l  
o i l i s  incre a s ed t o  7 7 1 M B/D i f  the s ul f ur spe c i f i c a t ion i s  
r a i s ed t o  0 . 7  wt % and increa s e s  f ur th e r  to 1 , 4 4 1  MB/D a t  a 
s ul f ur s pe c i f i c a t ion of 2 . 0  wt % .  T h e  l ow sulf ur f ue l  o i l  
capac i ty i s  pro j e c ted t o  i ncrease by 1 9 8 2 , r e f l e c t i ng hyd ro
trea t i ng capac i ty add i t ions , n o tw i ths tand i ng i n c rea s e s  in  
h i gh s u l f ur c rude r un s . 

• I f ,  in  the eve n t  of a nat ional eme rg e n cy , i t  be c ome s n e c e s 
s ary to max im i z e  heavy f ue l  o i l  a t  the expe n s e  of l i g h t  
prod uc t s , wh i l e  l imi t i ng the red uc t ion o f  d i s t i l l a te s  and 
j e t  f ue l  vo lume s to 1 0  pe rcent , the  1 9 8 0  y i e ld of l ow s ul f ur 
f ue l  o i l c ould be increa s ed to 8 2 8  M B/D for the  0 . 3  wt % 
s ul f ur g r ad e , 1 , 5 2 0  M B/D for the 0 . 7  wt % s ul f ur g r ad e , a nd 
2 , 4 8 3  M B/D for the 2 . 0 wt % s u l f ur g r ad e . G a so l i n e  vo l ume s 
wou ld decrease 5 5 3  M B/D a s  a conseque nce o f  ma x im i z i ng 2 . 0  
wt % s u l f ur f ue l  o i l . 

Process Capab i l i t i e s  

• Wi th respe c t  to r e f i n e ry s i ze , the s urvey re s ul t s  s how tha t 
l arge r  re f i ne r i e s  g e n e ral ly have a g r e a te r  ab i l i ty to pro
d uc e  un l e ad ed g a so l ine . Larger re f i ner i e s  tend to h ave more 
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r e s id u a l  proc e s s i ng fac i l i t i e s  s u c h  a s  coke r s  a nd re s id d e
s ul f ur i z a t io n  ( wh ich , i nc idental ly , prod uc e  mor e  b l e nd i n g  
a nd feed s tocks f o r  unlead ed g a s o l i ne ) . 

• Fe a t u r ed i n  proce s s  fac i l i ty trend s  i n  the  1 9 7 9- 1 9 8 2  p e r i od 
are s ig n i f i c a n t  g a i ns i n  the capac i ty for re f o rm i ng , i some r
i za t ion , a nd c ataly t i c  crack ing to f a c i l i ta t e  un l e ad ed g aso
l i ne man u f a c t ure . Ga i n s  we re a l so reg i s t e r ed i n  h yd ro trea t
i ng to cope wi th h e av i e r , h ig her s u l fur c r ud e  o i l s . Ot h e r  
proce s s  capac i t i e s  g a i n s  appea r  t o  be r e l a t ed t o  i nc r e a s ed 
c rud e charg e c apab i l i t i e s . 

CRUDE O I L  COST S ,  RE F I NERY OPERATING COSTS AND ASS E TS 

Pa r t  I I  o f  the s urvey add r e s sed 1 9 7 8  c r ud e  o i l  co s ts , a nd r e
f i nery ope rat i ng c o s t s  and a s s e t s  a s  o f  J a nua ry 1 ,  1 9 7 9 .  Re f i nery 
f ue l , p u r c h a s ed u t i l i t i e s , d e prec i a t ion , and o th e r  opera t i ng co s t s  
were repo r t ed for the year 1 9 7 8 .  Al so repo r ted we r e  c r ud e  o i l  
s l a t e s  w i th r e s pe c t  to cos t , qual i ty ,  reg u l a tory c l as s i f i c a t ion 
( lowe r t i e r , uppe r t i e r , e x emp t ) ,  a nd pe rcentage of  owned prod uc
t i on or roya l t y  owner s '  s h are fo r 1 9 7 8 .  Or i g i n a l  g ro s s  f i x ed a s
s e t s  and repl acement c o s t s  a s  o f  J a nuary 1 ,  1 9 7 9 , we re a l so 
i nc l ud ed . 

Re s pond e n t s  to Par t I I  re pre s e n t ed a n  agg r e g a t e  c apac i ty o f  
1 5 , 4 4 5 M B/D o r  8 9  p e r c e n t  o f  the total capac i t y  r e po r t ed i n  Pa rt I .  
Re s ponses  to s ome o r  a l l  e l eme n t s  o f  the s urvey we re rece ived f rom 
2 0 3 , o r  abo u t  7 0  p e r c e n t  o f , u.s. r e f i ner i e s . Th e a t t r i t ion i n  the 
n umber o f  re f i ner i e s  re por t i ng wa s pr imar i ly i n  re f i ner i e s  b e low 3 0  
MB/D c apac i ty .  

Th e fo l low i ng pr e s e n t a t ion o f  r e f inery c o s t  d at a , a g g reg a ted 
from the s u rvey , i s  not a c ompe t i t ive analys i s  o f  the d ome s t i c  r e
f i n i ng i nd u s try . Prod u c t  revenue a nd o th e r  f a c to r s  a f f e c t i ng com
pe t i t ivene s s  are no t i nc l uded . I t  wou ld be i nappropr i a te to d raw 
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f i nal conc l u s ions reg ard i ng the r e l a t i v e  e conom i c s  o f  any g ro up or 
clas s o f  re f i ne r ie s  f rom the Part I I  s u rvey data alone . The f i na l  
repo rt o n  Re f i nery Fl ex i b i l i ty w i l l  con t a i n  a n  analys i s  o f  the com
pe t i t ive econom i c s  o f  sma l l , med i um ,  and l a rge r e f i nery ope r a t ions . 

C rude O i l  C o s t s  and Q u al i ty5 

• In 1 9 7 8 ,  the re f i n i ng compan i e s  par t i c i pa t i ng i n  the s urvey 
e xpe r i enced c r ud e  o i l  c o s t s  av erag i ng $ 1 2 . 7 1  n et pe r barrel 
a f te r  en t i tl eme n t s . 

• The re spond e nt s ' averag e  c r ud e  o i l  cos t s  be fore en t i tl emen t s  
w a s  $ 1 2 . 3 6  p e r  barre l , o r  $ 0 . 3 5  p e r  barrel  l owe r t h a n  the 
ave r age net  cos t  a f ter the r e g ul a tory e f f e c t s . Prod uc t 
impor t  e n t i t l ements and o ther e x c ep t i o n s  i n c r e ased a f t e r
e n t i tl emen t s  c r ud e  o i l cos ts to r e s po nd e n t s . 

• The h ighe s t  av e r ag e  n e t  c r ud e  o i l  cos t s  a f te r  e n t i t l emen ts 
amoun t i ng to $ 1 2 . 9 9  p er barre l ( $ 0 . 2 8  p e r  barrel  abov e the  
s u rvey ave r ag e ) , were inc urred by c ompa n i e s  w i th re f i n i ng 
c apac i t i e s  i n  the 5 0- 1 0 0  M B/D s i z e  rang e .  

• Compan i e s  o f  g re a t e r  than 1 0 0 M B/D a l so e xper i enced ne t 
af te r-en t i tl emen t s  cr ud e  o i l  co s t s  above th e $ 1 2 . 7 1  per  b a r
rel  re spo nd ent averag e ,  a t  $ 1 2 . 9 4  p e r  b a r r e l  for  the 1 0 0 -1 7 5 
M B/D c a t eg ory and $ 1 2 . 7 8  per barrel for t ho s e  compan i e s  o f  
g re a ter than 1 7 5 M B/D c apac i ty . 

• Compan i e s  o f  l e s s  than 5 0  M B/D c apac i t y  e x pe r i enced l owe r 
net  c r ud e  o i l  co s t s , r a ng i ng from an ave r ag e o f  $ 1 0 . 5 3  pe r 
barrel for the 0 -1 0  M B/D s i z e  c a teg ory to $ 1 2 . 2 2  p e r  barrel 
for the 3 0 - 5 0 M B/D c ompan i e s . 

5Th e term s  " cr ud e  c o s t s  a f ter e n t i t l emen t s "  a nd " ne t  c r ud e  
cos t s "  a s  u s ed here i n  i n c l ud e  the e f fe c t s  o f  the  sma l l  re f i ne r  
b i a s . 
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• Compan i e s  o f  l e s s  t h a n  5 0  M B/D c r ud e  o i l  c apac i t y  h ad a ne t 
r ed uc t i o n  i n  c r ud e  o i l  cost  from the e f f e c ts o f  the sma l l  
re f i ne r  b i as s egment o f  the e n t i tl eme n t s  prog ram . Wi t h  the  
e xcept ion of  compan i e s  i n  th e 1 0 0 -1 7 5  M B/D s i z e  c a te g o ry , 
c ompan i e s  o f  g re a t e r  tha n 5 0  M B/D capac i ty e xper i en c ed a n  
i ncrease  i n  c r ud e  o i l  c o s t  a s  a n e t  res u l t o f  the 
e n t i tlemen t  prog r am . 

• Re f i ne r i e s  i n  PAD V re por t ed lowe r ne t c r ud e  o i l c o s t s  than 
the other PAD d i s tr i c ts . PAD V ' s l owe r c o s t  is r e l ated to 
c r ud e  o i l  q u a l i ty .  The i n l a nd re f i ne r i e s  in PAD I I  i nc urred 
the h i g h e s t  n e t  crud e  o i l  c o s t s . 

• Cons id e r i ng c r ud e  c o s t  as a f u n c t i o n  o f  i nd i v id u a l  re f in e ry 
s i z e ,  the l a rg e r  re f i ner i e s  g e ne r a l ly e xper i e nc ed h i gher ne t 
c r ud e  o i l  c o s t s . Re f i ne r i e s  o f  l e s s  than 5 0  M B/D c apac i ty 
h ad ne t c r ud e  cos t s  below the re s po nd e nt s '  ave r ag e , s im i l a r  
t o  the re s u l ts o f  ag g reg a t i on by c ompany s i z e . 

• Cr ud e  c o s t s  tend to i ncrease wi th i nc re a s ed re f i n e ry c om
p l e x i t y . The l a rger re f i ne r i e s  are g e ne r a l l y  more c ompl e x , 
a nd do not  rece i v e  sma l l  re f i ne r  b i a s  e n t i t l emen t s . Cr ud e  
o i l  qual i ty for the asphal t-o r i e n ted re f i ne r i e s  i n  the l owe r 
c omp l e x i ty c a tegor i e s  i s  a l so a f a c to r . 

• Mo s t  o f  the l arger re f i n i ng compa n i e s  ( tho s e  o f  g re a te r  than 
1 7 5  MB/D c apac i t y ) own dome s t i c  prod uc t i o n . On ave r ag e , 
the i r  prod u c t ion pl u s  assoc i a ted roya l ty own e r s ' s hare i s  
abou t  4 5  pe r c e n t  o f  the c r ude o i l  they re f i n e . Othe r 
re f i ne r s  ( those o f  l e s s  than 1 7 5 M B/D c apac i ty ) own 
prod uc t ion p l u s  a s soc i a ted roya l t y  owner s '  s h are wh i c h  
averag es l e s s  than 1 2  percent o f  the i r  re f i ne ry t h roug hpu t .  
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Ope ra t i ng C o s ts 

• In g e nera l , t o t a l  1 97 8  ope ra t i ng co s t s  ( f ue l ,  purchased 
u t i l i t i e s , d e pre c i a t ion , ma i n tenance , e tc . )  i ncrea s ed w i t h  
company s i z e . Th e pr i n c ipal f a c tor appe a r s  t o  b e  t h e  aver
ag e h igher proce s s  c ompl e x i ty o f  re f i ne r i e s  ope r a t ed by 
l arg e r  compan i e s . To tal ope ra t i ng c o s t s  rang ed from $ 1 . 3 5 
per barre l for c ompa n i e s  o f  l e s s  than 1 0  M B/D capac i ty to 
$ 2 . 3 5 per barr e l  for compan i e s  o f  g re a t e r  than 1 7 5  M B/D 
capac i t y . 

• I n  1 9 7 8 ,  to t a l  operat i ng cos t s  averaged $ 2 . 2 9 per barrel  o f  
c rud e o i l  proce s s ed . O f  th i s  to ta l , n e a r l y  h a l f ( $ 1 . 0 8 p e r  
barre l )  wa s for f u e l  a nd purchased u t i l i t i e s . 

• PAD V had h igher ave r age operat i ng cos ts than the o t h e r  PAD 
d i s tr i c ts . Th i s  appe ars to be d u e  pr imar i ly to the h ig h  
compl ex i ty a nd re l a t ively h ig h  f u e l  cos t s  for re f i ne r i e s  i n  
th i s  area . 

• Be low 5 0  MB/D , per barre l ope ra t i ng e xp e n s e s  g ene ra l ly 
decreased w i th i ncrea s i ng re f i ne ry s i z e  o f  a g i ve n 
complex i ty . Th e impac t o f  re f i nery s i ze o n  opera t i ng c o s t s  
d im i n i shed f o r  re f i ne r i e s  abov e 5 0  M B/D i n  c apac i ty . Th i s  
may be d ue to para l l e l  proce s s  tra i n s  i n  the l arg e r  
re f i ner i e s . 

• 1 9 7 8  opera t i ng co s t s i ncreased s te ad i l y  wi t h  re f i nery 
comp l e x i ty f rom $ 1 . 4 9  per barre l for the 1 -3 c omp l e x i ty 
category to $ 3 . 1 3 pe r barre l for re f i ne r i e s  i n  the 1 1 +  
comp l e x i ty c a tegory . 
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G ro s s  F i xe d  A s s e t s  and Repl acemen t  Cos t s  

• Th e J a nuary 1 ,  1 9 7 9 , averag e  pe r- barre l g ro s s  f i x ed a s s e t s  
f o r  a l l  re s po nd e n t s  wa s $ 1 , 3 5 4/bbl/day ; re p l a c eme n t  co s t s  
averag e $ 3 , 7 2 7 / bbl/day . 

• Pe r-barrel  g ro s s  f i x ed a s s e t s  and repl acem e n t  c o s t s  i n
creased w i th c ompany s i z e .  Econom i e s  o f  s c a l e  we r e  more 
than o f f s e t  by h ig he r  a s s e t s  a s s o c i ated w i th g re a te r  c om
pl ex i ty and mul t i pl e  pro c e s s  tra i n s  i n  the  l arge r 
company s i ze c a tegor i e s . 

• On a g eog raph i c  bas i s , PAD V h ad the h ig he s t  pe r- b ar re l  
g ro s s  f ix ed a s s e t s  a nd re pl a c eme n t  co s t s , $ 1 , 5 3 0 / b b l/day and 
$ 4 , 5 7 2/bb l/ d ay , r e s pe c t iv e ly . 

• Th e e f fe c t  o f  re f i ne ry s i ze o n  g ro s s  f i x ed a s s e t s  and re
pl a c emen t  c o s t s  wa s mas ked by the g re a t e r  impaci o f  re f i n
e ry c omp l e x i ty . I n  the sma l l e r  re f i nery s i ze c a tegor i e s , 
the d a t a  i nd i c a te a d e crease i n  pe r-barrel  i nv e s tme n t s  w i t h  
i nc r e a s i ng s i ze a t  a g iven comp l ex i t y . T h e  e f f e c t  o f  s i ze 
a l one d im i n i s h ed i n  the l arge r  ( 5 0 +  M B/D ) re f i ne r y  s i z e 
c a tegor i e s . 

• Gr o s s  f i xed a s s e t s  and repl acement co s t s  per barre l g en e r
a l l y  i ncreased w i th compl e x i ty . Re por ted re p l a c emen t  co s t s  
ranged from $ 1 , 7 0 6/bbl/day for re f i ne r i e s  i n  the 1 -3 
c ompl ex i t y  range to ove r $ 4 , 0 0 0/bb l/d ay for re f i n e r i e s  o f  
g re a t e r  than 7 c omp l e x i ty . 

• Compar i so n  o f  repl ac emen t  c o s t s  wi th g ro s s  f i x ed a s s e ts 
s ho uld be i nd i c a t ive o f  the v i n t ag e  o f  the f ac i l i t i e s . On 
th i s  prem i s e , i t  wo ul d appe ar that re f i ne r i e s  o f  l e a s t  com
pl e x i ty we re c on s t r uc ted mo s t  rece n t ly , wh i l e  tho s e  re f i ne r
i e s  i n  the 7 -9 complex i ty c ategory ( i n teg ra ted g asol ine 
re f i ne r i e s  w i t h  s ome h yd rode s u l f ur i z a t ion capab i l i t ie s )  are 
the olde s t .  
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ADDI TI ONAL FAC I LI T I E S  TO ME ET THRE E AL TERNA TE SUPPLY/DEMAN D CAS ES 

Pa r t  I I I o f  the s urvey conce rned the new fac i l i t i e s  wh ich wou ld 
be req u i red by re f i n i ng c ompan ies  under three hypo th e t i c a l  c a s e s : 

• Prov ide capac i ty nece s s a ry to s ubs t i t u te add i t i onal  h igh 
s ul f ur c rud e o i l  eq u iv a l e n t  to at l e a s t  2 0  percent of the 
to tal c r ude o i l  capa c i ty based on the 1 9 8 2  pro j e c t ions re
po rted in re s po ns e  to Pa r t  I o f  the s urvey 

• Provide fac i l i t i e s  to i n c rease pr oduc t i on of s pec i f i c g r ad e s  
o f  un l e ad ed ga so l ine t o  9 0  pe rcent o f  the pro j e c ted to t a l  
1 9 8 2  ga so l i ne po ol rep o rted in P a r t  I o f  t h e  s urvey 

• Prov ide fac i l i t i e s  to increase pr oduc t i on of l ow s ul f ur 
he avy f ue l  o i l  ( 0 . 7  wt % )  by 2 5  pe rcent o f  the total h e avy 
f ue l  o i l  proj e c ted fo r 1 9 8 2  and repo r ted in Pa r t  I of the 
s urvey . 

Re s pondents to th i s  part of the s urvey we re g i ve n the opt ion o f  
repo r t i ng on a " s ys tem " ba s i s . A c ompany wi t h  two o r  mo re re f i ne r
ies  wa s not requ i red to mod i fy each of i t s  re f i ne r i e s  by i ts propo r
t ional share of the company total . For exampl e ,  a company m ig h t  
choose to i ncrease the h i gh s u l f ur c r ud e  o i l  pro c e s s i ng c apab i l i ty 
o f  Re f i nery A by 6 0  percent and no t mod i fy r e f i ne r i e s  B a nd C .  

Re spo n s e s  i nd i c a t i ng that new fac i l i t ie s  we re req u i r ed to pro
ce s s  more h igh s u l f ur c r ud e  o i l  we re rece ived f r om c ompa n i e s  own i ng 
1 4 7  re f i ner i e s  wi t h  a tota l capac i ty of 1 5 , 0 0 4 M B/D . Th i s  repr e
sents abou t 7 8 . 4  pe rc e n t  of total 1 9 8 2  capac i ty ( 1 9 . 1 3 MM B/D ) and 
5 0 . 9  pe rcent of u.s. r e f i ner i e s . 

Ref i ne r i e s  wi th a total c apac i ty of 1 5 , 2 0 7  M B/D , r epr e s e nt i ng 
about 7 9 . 5  pe rcent of to tal capac i ty and 5 4 . 3  pe r c e n t  of U . S .  re
f ine r ie s , c ompl e ted the un leaded ga so l i n e  po r t ion of the s urvey . 
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Re s po n s e s  i nd i c a t i ng th at new f ac i l i t i e s  we re requ i r ed to pro
d uce low s u l f ur f ue l  we re rece ived from c ompa n i e s  own i ng 1 4 8  re f i n
e r i e s  w i th a total  c apac i t y  o f  1 4 , 0 2 7  MB/D . Th i s  repre s e n t s  a bo u t  
7 3 . 3  pe r c e n t  o f  to t a l  c apac i ty and 5 1 . 2  pe rcent o f  u.s. re f i n e r i e s . 

I ncrea sed H ig h  S u l f u r  C rud e O i l  Proc e s s ing C apab i l i ty 

• Re f i ne r i e s  ant ic i pate proce s s i ng 6 , 1 4 0  MB/D o f  l ig h t  a nd 
heavy h ig h  s u l f u r  c r ud e  o i l  i n  1 9 8 2 , equ i v a l e n t  to 3 4 . 2  
pe rcent o f  to tal pro j e c ted through p u t s . An i nc r e a s e  i n  the 
capab i l i ty to proce s s  an amount o f  h ig h  s u l f u r  c r ud e  o i l  
e q u i v a l e n t  to a t  l e a s t  2 0  pe rcent o f  c apac i ty wo u ld pe rm i t  
the respond en t s  t o  proce s s  a n  add i t ional 3 , 0 0 0  MB/D o f  h ig h  
s ul f ur c r ud e  o i l s . 

• A 3 0  pe rcent i n c rease  i n  capac i ty for the  d e s u l f ur i z a t i on of 
naph th a , d i s t i l l a te , and heavy f ue l  o i l , amoun t i ng to 2 , 3 6 2  
MB/D , wo u ld b e  need ed to increase the re s po nd e n t s ' c apab i l
i ty to proce s s  l ig h t  h ig h  s u l f ur c r ud e  o i l  by a t  l e a s t  2 0  
pe rcent o f  pro j ec ted 1 9 8 2  to tal c r ude o i l  capac i ty .  The se 
and oth�r req u i red fac i l i t i e s , i f  b u i l t , wou ld be p l aced i n  
9 5  re f iner i e s  w i th proj e c t ed c omb i n ed J a n u a ry 1 ,  1 9 8 2 c apac
i t i e s  o f  1 0 , 4 0 8  MB/D . Assoc i a ted " sy s t em "  capa c i t i e s  were 
1 3 , 8 7 8  MB/D in 1 3 3  re f i ner ies . 

• I f  the i nc r e a s e  i n  h igh s u l f ur c r ude o i l proce s s ed i s  i n  t he 
h e a vy grad e s , 2 , 5 1 8  MB/D of add i t ional d e s u l fur i z a t ion 
c apac i ty wo u ld be req u i r ed . I n  th i s  c a s e , the  m ix wo u ld 
s h i f t , w i th a d e c rease  o f  approx imat e l y  1 0 0  MB/D i n  naph tha 
d e s u l f ur i z a t ion and an increase of 217 MB/D i n  h e avy f ue l  
o i l  d e s u l fur i z a t ion capac i ty .  Th e s e  and o th e r  r e q u i red 
f a c i l i t ie s , i f  b u i l t , wo u ld be p l a c ed i n  9 8  re f i ne r i e s  w i th 
a pro j e c ted J a nuary l ,  1 9 8 2  capac i ty o f  10 , 8 4 2  MB/D . 
As soc i a ted " s y s tem" capac i t i e s  we re 1 4 , 3 7 7  MB/D i n  1 3 7  
re f i ne r i e s . 
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• Subs tan t i al new c apac i ty i s  a l so r e q u i red for s u l f ur re cov
e ry f ac i l i t ie s , h yd rog e n  genera t ion , a nd re s id u a l  conv e rs ion 
proce s s e s  if  more h ig h  s u l fur c r ud e  o i l  is  to be proce s s ed . 
To t a l  new c apac i t ie s  id en t i f i ed by the re s po nd e n t s  for l ig h t 
and he avy h ig h  s u l fur c r ud e  o i l  proce s s i ng , r e s pe c t iv e l y , 
amo unted to : 4 , 5.2 7 and 6 , 2 7 7  long ton s per d ay o f  s u l f u r  
recov e ry ; 5 3 1  a nd 7 8 8 m i l l ion s tand ard c ub i c  f e e t  p e r  d ay o f  
h yd rogen g e ne ra t ion ; and 2 9 9  and 4 8 8 M B/D o f  re s id ua l  con
v e r s ion ( mo s t l y  cok i ng ) . 

• Me t a l l urgy i s  not now ad equate to hand l e  the h ig h  s ul f ur 
c r ud e  o i l  i n  4 4  pe rcent o f  the re f i nery capac i ty where the 
add ed fac i l i t i e s  m i g h t  be con s t r uc ted . 

• Re spond e n t s  e s t ima ted l e ad t imes averag i ng 4 3  mon th s  to 
br i ng on s tre am the add ed f ac i l i t i e s  req u i red to proc e s s  
add i t ional  h ig h  s ul fur crud e  o i l  equ i v a l e n t  t o  2 0  p e r c e n t  o f  
c r ude o i l c apac i ty . Th i s  t ime i nc l ud e s  a u t ho r i za t ion , 
perm i t t ing , d e s ig n ,  e ng inee r i ng , proc ureme n t , a nd 
con s t r uc t ion . 

• Compan i e s  re pre sent i ng 8 3  pe rcent o f  to t a l  re s pond e n t  c a p a c
i ty i nd i c ated that they bel ieved they c o uld ob t a i n  nec e s s ary 
pe rm i t s  for con s tr uc t ion and ope r a t ion of add ed fac i l i t ie s  
to re f i ne h ig h  s u l f ur c r ud e . 

• I n  response  to the hypo the t i c a l  que s t ion a nd b a s ed on the 
e conom i c  cond i t ion s  and company pl ans wh i c h  e x i s ted at the  
t ime of  the � urvey , f i rms repre s e n t i ng 7 3  percent o f  
respond e n t  c apac i ty i nd i c a ted that the probab i l i t y  o f  any 
s ig n i f i c ant part of the add ed f ac i l i t i e s  be i ng c on s t r u c ted 
wa s l ow or impos s i b l e . 
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I ncreased U n l eaded G a s o l ine Manu f a c t u r ing C apab i l i ty 

• As reported i n  Part  I ,  s ig n i f i c ant new u n l e ad ed g a s o l ine 
man u fac t ur i ng fac i l i t i e s  are c omm i t ted for c ompl e t io n  by 
January 1 ,  1 9 8 2 . Th e s e  fac i l i t i e s  w i l l  prov i d e  the c apac i ty 
to prod u c e  8 7  ( R+M ) /2 u n l e ad ed g a sol ine a s  8 2  pe r c e n t  o f  the 
total g asol ine poo l . I f  th i s  percen tag e were requ i red to 
r i se to 9 0  pe rcen t ,  at l e as t 1 2 4  re f i ner i e s  w i th a 1 9 8 2  
c apac i ty o f  1 2 , 4 2 5 M B/D wo uld hav e t o  add some add i t ional 
f ac i l i t i e s .  The se r e l a t ive ly l imi ted add i t ions wo u l d  be i n  
c apac i ty fo r re form i ng , i some r i z a t ion , c a taly t i c  c rack i ng , 
a nd a lk yl a t ion . 

• I f  9 0  pe r c e n t  o f  the total g a sol i ne poo l  i n  1 9 8 2  we re r e
q u i red to be u n l e ad ed and i t s  oc tane spec i f i c at ion we re 
ra i s ed to 8 9  ( R+M ) /2 , compan i e s  re pre s e n t i ng 7 7 . 5  percent o f  
c apac i ty wo ul d hav e  to b u i l d  add i t ional fac i l i t i e s . I n  t h i s  
c a s e , re fo rm i ng capac i t y  wo uld increase s ub s t a n t i a l l y  and 
total i some r i z a t ion requ i reme nts wo u l d  be f iv e  t imes tha t 
now pl anned for 1 9 8 2 .  

• Compa n i e s  re pre s e n t i n g  9 2  percent o f  to t a l  re s pond e n t  c apa c
i ty be l i ev ed they could obta i n  ne c e s s a ry p e rm i t s  for 
con s tr uc t ion and o perat ion of  the fac i l i t i e s  req u i red to 
i nc re a s e  the i r  unlead ed pool to 9 0  p e r c e n t  of  total g asol i ne 
prod uc t ion . 

• Con s ide r i ng f ut ure e conom i c  cond i t ions a nd c ompany p l a n s , 
f i rms repr e s en t i ng 1 4  percent o f  r e s pond e n t  c apac i t y  
i nd i c a ted a h igh probab i l i ty t h a t  a s ig n i f i c a n t  p a r t  o f  the 
added fac i l i t i e s  wo uld be con s tr uc ted and 4 2  p e r c e n t  
i nd ica ted a med i um probab i l ity . 
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I ncreased Low S u l f u r  H eavy F u e l  O i l  Manu f a c t u r i ng C apab i l i ty 

• In 1 9 8 2 , c ompan i e s  respond i ng to th i s  que s t ion p l an to pro
d uce 1 . 5 MM B/D o f  he avy f ue l  o i l . Incre a s i ng th i s  o u tput by 
2 5  percent ( 3 7 5 MB/D ) and requ i r i ng th i s  i nc r eme n t a l  prod uc t 
to b e  0 . 7  or l e s s  wt % s ul f ur wo uld re s ul t  i n  the c on s tr u c
t ion o f  7 6 9 M B/D o f  new c rud e o i l  d i s t i l l a t ion c apac i t y . 

• I n c r e a s e s  i n  proc e s s  c apab i l i t ie s  wh i c h  wo u l d  be requ i red i n  
th i s  c a s e  are : 3 6 4  M B/D i n  h yd ro t re a t ing , 2 3 3  M B/D i n  
hyd rore f i n i ng , 1 , 3 5 1 l ong tons pe r d ay i n  s u l fur r ecovery , 
and 2 1 0  m i l l ion s tand ard c ub ic fee t pe r d ay i n  h yd rog e n  
g enera t ion . 

• Ba sed on a s s e s sments o f  f uture e conom i c  cond i t i o n s  and 
corporate pl ans  at the t ime of the s urvey , c ompan ie s 
repr e s e n t i ng 8 8  percent o f  respond e n t  c apac i ty i nd i ca ted a 
l ow probab i l i t y  that the fac i l i t i e s  req u i red by t h i s 
hypo th e t i c a l  case  wo uld ac tua l ly be i n s ta l l e d . 

ENERGY SUPPLY/DEMAN D SURVEY 

Th i s  sec t ion s ummar i ze s  the s urvey d a t a  on ene rgy and o i l  
s upply , d emand , a nd l og i s t i c s  for the ye a r s  1 9 8 0 , 1 9 8 2 ,  1 9 8 5 ,  a nd 
1 9 9 0 .  S umma ry pro j e c t ions are based upon d a t a  from twe n ty respond
e nts inc l ud ing twe lv e  d ome s t i c  o i l  compan i e s , three fore ig n o i l  
compan i e s ,  and f ive no n-o i l  organ i z a t ions . Unl e s s  o therwi s e  no ted , 
d a ta reported are the averag e o f  a l l  respo n s e s  r e c e i v ed ad j u s ted to 
arr ive at a bal anced and cons i s tent s uppl y/d emand ma t r ix . 

Re s pon s e s  to the s urvey were rece ived i n  the spr i ng a nd s umme r  
o f  1 9 7 9 . The i nd iv i d u a l  fore c a s t s  wh i c h  prov i d e  the b a s i s  for the 
agg r eg a t ions were almo s t  a l l  prepared i n  l ate 1 9 7 8  or v e r y  early 
1 9 7 9 .  Be c a u s e  o f  th i s , they d o  not re f l e c t  the po l i t i c a l  and 
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e conom i c  ev e n t s  wh i c h  have occ urred i n  1 9 7 9 . B e c a u s e  the 1 9 8 0 - 1 9 9 0  
d a ta are b a s e d  o n  now o u td ated fore c a s t s  and the f a c t  tha t man y  
respond e n t s  wo u l d  mos t  l ikely c hang e the i r  fore c a s t s , t h e  f i nal 
repo r t  w i l l  con t a i n  d at a  wh ich u pd a te por t io n s  of  the s urvey . 

Wor l d  O i l  S upply/Demand 

• The r e s pond e n t s  expec t  a s ig n i f i c a n t  s l o w i ng i n  the g rowth 
of g lobal pe t r o l e um con s ump t ion . Growth i n  pe t ro l e um con
s umpt ion i s  foreca s t  to ave r ag e  2 . 3  pe r c e n t  per a nn um be
twe e n  1 9 7 7  a nd 1 9 9 0 , a v ery s ig n i f i c ant red u c t ion f rom the 
7 . 7  pe r c e n t  rate obse rved betwe e n  1 9 6 0  and 1 9 7 2 .  

• The c o u n tr i e s  be long i ng to the O rg an i z a t ion for Econom i c 
Co- oper a t ion and De velopment ( O ECD ) are c on s id ered a b l e  to 
red uce the av e r ag e  annual g rowth in o i l cons ump t i on t o  1 . 3  
pe rcent over the forecas t pe r iod . 

• Be c a us e  o f  respo nden ts ' d i f f erent a s s e s sm e n t s  o f  f uture  
e conom i c  g r owth , e nergy pr i ce s , pe t ro l e um ava i l ab i l i ty ,  
e tc . , there i s  incre a s i ng var i ab i l i t y  ove r  t ime i n  the 
fore c a s t s  rece ived . For exampl e ,  the s p r e ad b e t we e n  + 2 
s tand ard d ev i a t ions f rom av erag e g lobal pe t ro l e um 
cons ump t ion i nc r e a s e s  from 1 . 5 MMB/D i n  1 9 8 0  t o  1 0  MMB/D i n  
1 9 9 0 . 

• Th e g eo-po l i t ic a l  d i s tr i b u t ion o f  f u t ure g rowth i n  pe tro l e um 
prod u c t ion i s  expec ted to d e pa r t  s ig n i f i c a n t ly f rom pas t 
trend s . Th e O ECD c ou n t r ie s ' petro l e um prod u c t ion i s  
proj e c ted to g r ow a t  a n  ave r ag e  ann ua l  rate  o f  1 . 7  pe r c e n t  
b e twe e n  1 9 7 7  a nd 1 9 9 0 , c on s t i t u t i ng a rev e r s a l  o f  the 
d e c l ine i n  prod u c t ion i n  recent ye ar s . Howeve r ,  s ig n i f i c ant 
improv emen t s  i n  the rate o f  new r e s e rv e  add i t i o n s  w i l l  be 
requ i red if  the forecas ted prod u c t ion is  to ma te r i al i z e . 
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• Organ i z a t ion o f  Pe trol e um Ex por t i ng Co un t r i e s  ( O PE C )  prod uc
t ion w i l l  grow at only 1 . 1  perce n t  annual ly , a s h a r p  d e c l i n e  
f rom h i s to r i c  g rowth rates . OPE C ' s  s hare i n  g lobal s uppl i e s  
w i l l  d e c l ine sl igh t ly from 5 0  pe rcent i n  1 9 7 7  t o  4 5  pe r c e n t  
i n  1 9 9 0 .  Th e low r a te o f  prod u c t ion g rowth i s  probably d ue 
mo s tly to i n ternal  pol i t ic a l  and e conom i c  con s i d e r a t ion s 
rather than to phys i c al r e source l im i ts . 

• Th e f a s te s t  g rowth i n  pe tro l e um prod u c t i o n  i s  expec ted to 
take place in the no n-O PE C  develop i ng c o u n tr i e s . Prod uc t io n  
in  these countr i e s  i s  fore c a s ted t o  g row 6 . 5  p e r c e n t  a year 
between 1 9 7 7  and 1 9 9 0 .  The ir s hare in g lobal s uppl i e s  w i l l  
increase from seven per c e n t  to 1 2  p e r ce n t . 

• A w i d e  rang e  o f  i nd iv idual respo n s e s  wa s rece i v ed o n  the 
f u t ure s upply/d emand s i tuat ion in the S in o-Sov i e t  b l o c k  
countr i e s  ( U . S . S . R . , Ea stern E u rope , a nd Ch i na ) . Th e aver
age respon s e s  i nd i c a te that the S i n o-Sov i e t  b l o c  w i l l  r ema i n  
a n e t  exporter o f  pe tro l e um .  Th e w i d e  rang e o f  i nd iv i d u a l  
re s pon s e s  i nd icates  t h e  unc e r t a i n t y  o f  the f u t ur e  S i n o
Sov i e t  pe trol e um bal ance . 

U . S .  E ne rgy S upply/Demand 

• u.s. e nergy c o n s umpt ion i s  fore c a s ted by r e s po nd e n t s  to 
incre a s e  2 . 3  per c e n t  per ye ar ove r  the 1 9 7 7 -1 9 9 0  pe r io d  
wh i l e  G N P  w i l l  g row a t  a 3 . 2  perce n t  rate . I n  the 
1 9 7 7 -1 9 9 0 per iod , the ratio o f  to tal e n e rgy to GN P d e c l i n e s  
from 5 7 . 3  t o  5 0 . 6  tho usand BTU ' s  per 1 9 7 2  d ol l ar o f  GNP . 

• Tr anspo r t a t ion energy w i l l  d e c l i ne a s  a perce n t  o f  the to tal 
from 2 6  pe rcent in 1 9 7 7  to 2 2  perce n t  in 1 9 9 0 .  No n- e n e rg y  
and conv e r s ion l o s s e s  (pr imar i l y  e l e c tr i c u t i l i t i e s ) w i l l  
con t i n ue to g row s ubs tan t i al ly f a s ter than the to t a l  ( fr om 
2 6  percent i n  1 9 7 7  to 3 2  percent i n  1 9 9 0 ) .  
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• Th e s h a re o f  o i l  and g as in total e nergy c o n s umpt i on i s  
s hown d ec l i n i ng from almos t 7 5  pe rcent i n  1 9 7 7  t o  6 2  pe rcen t 
i n  1 99 0 . Coal and n uc l ear powe r w i l l  i nc r e a s e  f r om 2 2  
pe r c e n t  i n  1 9 7 7  to a lmo s t  3 4  percent i n  1 9 9 0 .  

• Dome s t i c l iq u i d s  prod u c t ion ( cr ud e , conden s a t e , a nd nat ural 
g as l iqu id s ) s tay a t  abo u t  1 0  M MB/D throug h  1 9 9 0 , wh i l e  
impo r t s  are fore c a s ted to increase f rom 9 . 1  MM B/D i n  1 9 8 0 t o  
1 0 . 9  M MB/D i n  1 99 0 . 

• Dome s t i c g as prod uc t ion w i l l  con t i n ue to d e c l ine d ur i ng the 
1 3  year foreca s t  per iod , but at a d im i n i s h i ng rate . To t a l  
g a s  s uppl i e s  are forecas ted t o  rema i n  f l at a t  abo u t  1 9 . 4 
tr i l l ion c ub i c f e e t  pe r ye ar , a s  i nc r e a s i ng impo r t s  o f f s e t  
the prod uc t ion d e c l ine . 

• Co al prod uc t ion i s  fore c a s ted to be 4 0  p e r c e n t  g re a te r  i n  
1 9 8 5  and 8 0  pe rce n t  g reater i n  1 9 9 0 t h a n  i n  1 9 7 7 .  The 
averag e o f  the re s po n s e s  re ce ived ind i c a te s that n u c l ear 
o u tput w i l l  t r i pl e  over the 1 9 7 7 -1 9 9 0  per iod . 

u.s. P e tro l e um P rod u c t  Demand 

• Re s pond e n t s  expec t  a cons iderable s l o w i ng o f  d ome s t i c  
pe tro l e um d emand g row th d ur i ng 1 9 7 7 - 9 0  f rom the h i s to r i c a l  
1 9 7 2 - 7 7 trend o f  2. 4 pe rcent annual ly , w i t h  g rowth d ur i n g  
t h e  1 98 0 ' s  to averag e s l ightly l e s s  t h a n  1 p e r c e n t  pe r 
ann um .  S urve y  re s ul ts show d ema nd i nc r e a s i ng f rom 1 8 . 4  
MMB/D i n  1 97 7 ,  to 1 9 . 5 by 1 9 8 0 , a nd to 2 1 . 3 MMB/D b y  1 9 9 0 . 

• Th e s urvey s hows tha t motor g a s o l ine requ i remen t s  are pro
j ec ted to peak in the early 1 9 8 0 ' s ,  pr ima r i ly re f l e c t ing 
improv ements  i n  a utomo t iv e  fuel e conomy . N e w  c ar m i l e s  pe r 
g a l lon , on aver ag e , are proj e c ted to r i se f rom 1 5  i n  1 9 7 7  to 
2 6  by 1 9 9 0 . As a r e s ul t ,  the m i l e s  pe r g a l lon of the e n t i re 
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pas senger car popu l at ion i s  fore c a s ted to improve by nearly 
5 0  pe rcent d ur i ng the 1 9 80 ' s to 22  mpg . 

• Survey respo nd e n t s  expe c t  unleaded g a so l ine to acco u n t  fo r 
more than 8 0  perce n t  o f  total g a so l ine d emand by 1 9 9 0 . Of  
th i s  quan t i ty , abo u t  4 0  pe rcent is  ant ic i pa ted to be premi um 
unlead ed wi th an o c tane level of 9 2  ( R+M ) /2 .  

• Ac cord ing to s urvey re spond e n t s , m id d l e  d i s t i l l a te d emand 
( keros ine , j e t f ue l , d i s t i l l ate f ue l )  g rowth w i l l  ave r ag e  
abo u t  2 . 4  percent  annua l l y  d ur i ng 1 9 7 7 - 9 0 . Of  th i s  total , 
the s urvey d a t a  i nd i c a te that o n-h ighway d ie s e l  requ i r e
men t s  w i l l  incre a s e  sharply ( 7 . 4  p e r c e n t  annua l ly 1 9 7 7- 9 0 ) 
re f l ec t i ng the g rowing u s e  o f  d i e s e l  powe red pas s enge r 
car s . 

• Survey respo n s e s  show r e s id ual fue l d emand i nc r e a s i ng 
thro ugho u t  the e a r ly to m i d- 1 9 8 0 ' s and then d e c l i n i ng mod 
e s tly b y  1 9 9 0 .  Th e s e  re s ul ts track e le c tr i c  u t i l i t y  l iq u id s 
cons umpt i o n  -- the s i ng l e  l a rg e s t  e n d- u s e  mar ke t for re s i d
ual f ue l  o i l . 

• By 1 9 9 0 , r e s po nd e n t s  expec t l ow s ul f ur f u e l  o i l  ( l e s s  than 
1 . 0  wt % s ul f u r )  to account for nearly 6 0  pe r c e n t  o f  to t a l  
res id ual f u e l  d emand . I n  contras t ,  l ow s ul fur d emand was 
sl ightly l e s s  tha n 5 4  percent i n  1 9 7 7 .  

• Substan t i a l  d i f ferences  ex i s t  among i nd iv id ual  s urvey 
respo n s e s  on f uture d emand s for keros i ne , l ique f i ed g as e s , 
pe trochem i c a l  feeds tocks , and m i s c e l l aneous  prod uc t s . For 
the se prod u c t s  the s tandard dev i a t ion i s  more than 2 0  p e r
c e n t  o f  the me an forec a s t v a l ue for 1 9 9 0 .  
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• ov er the fore c a s t  pe r iod 1 9 7 7 - 9 0 , the s urvey i nd i ca t e s  a 
mod e r a te i n crease i n  the proport ion o f  l igh t- e nd prod uc t s  
c on s um ed , d es p i te the proj e c ted pe ak i ng o f  g as o l ine re
q u i r eme n t s  d ur i ng the m i d- 1 9 8 0 ' s .  Th i s  i s  oppo s i te to the 
trend d u r i ng 1 9 7 2 - 7 7 , when re s id ual f u e l  d emand i nc re a s ed , 
on ave r ag e , four pe rcent ann ual ly . 

Reg ional O i l  S upply/Demand 

• To tal prod uc t d emand incre a s e s  i n  bo th PADs I -I V  and PAD V 
w i l l  be mod e s t  over the nex t  d e c ad e , av erag i ng l e s s  than one 
pe r c e n t  ann ual ly i n  bo th are a s . Dema nd i n  PADs I - I V  w i l l  
g row f rom 1 6 . 8  MMB/D i n  1 9 8 0  t o  1 8 . 2  M MB/D i n  1 9 9 0 ; PAD V 
d emand s w i l l  b u i ld f rom 2 . 7  to 3 . 0  MMB/D over the s ame 
per iod . 

• Th e survey d at a  s how a hal t i n  the trend o f  PAD V t ot a l  
d emand growing f a s ter t h a n  PA Ds I -I V .  Howeve r ,  the s urve y  
i nd i c a t e s  that 1 9 9 0  g asol ine d em and i n  PAD V w i l l  r ema i n  
e s s e n t i al ly unchang ed from 1 9 7 7  l ev e l s ,  whe r e a s  d emand i n  
PADs I - I V  w i l l  d e c l ine f iv e  t o  s ix pe r c e n t  d u r i ng the s ame 
per iod . 

• Chang e s  i n  PAD c r ud e  r uns w i l l  m i rror prod uc t d emand s a nd 
rema i n  a t  a runs/ demand r a t i o  o f  0 . 7 8 i n  PADs I - I V  a nd 0 . 9 0 
i n  PAD V i n  the 1 9 8 0 - 9 0 t ime per io d . 

• The prod uc t ion o f  pe trol e um l iq u id s  i n  PADs I - I V  i s  expec t ed 
to d e c l ine f urthe r , a t  a 1 . 5  p e r c e n t  annu a l  r a te , f rom 7 . 8  
MMB/D i n  1 9 8 0 t o  6 . 7  MMB/D i n  1 9 9 0 .  Fore c a s te r s  e s t imat e  
t h a t  o n l y  h a l f o f  t h a t  l o s s  w i l l  b e  o f f s e t  by w i th P A D  V 
prod uc t ion r i s i ng from 2 . 5  t o  3 . 1  MMB/D i n  the s ame per iod . 

• Re s pond e n t s  ant ic i pate impo r t s  o f  fore ig n o i l s  i n to PADs 
I - I V  to con t i n ue upward , r e a c h i ng 1 0 . 3  MMB/D i n  1 9 9 0  f rom a 
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1 9 8 0  l ev e l  o f  8 . 6  MMB/D -- a 2 . 0 p e r c e n t  annual  i n c r e a s e  
- - w i th i nc l uded prod uct imports r ema i n i ng near con s tant  a t  
a two MMB/D l ev e l . Fore ig n s h i pments  i n to PAD V d rop 
sharply from 1 9 7 7  t o  19 8 0 ,  but ho ld at abou t 6 0 0  M B/D f rom 
1 9 8 0  throug h  1 9 9 0 . 

• PAD V r ec e i p t s  from PADs I - I V  a re expec ted to hold throug h 
the d e c ad e  a t  the 1 3 0 M B/D l ev e l  and w i l l  b e  9 7  pe r c e n t  
produc ts . PADs I - I V  r e l i ance on P A D  V w i l l  move toward 8 7 0 
M B/D ( 9 5 pe rcent c r ud e  o i l ) by 1 9 9 0 , d o ubl i n g  1 9 8 0  rece i p t s  
a t  an ann u a l  rate o f  n e a r  7 . 5  perce n t . Howeve r , a w i d e  
rang e  o f  o p i n ions we re e xpre s sed . 

1 9 8 0  l ev e l  o f  8 . 6  MM B/D - - a 2 . 0 pe r c e n t  a nn u al i n c r e a s e  
-- w i t h  i n c l ud ed prod uc t imports rema i n i ng near cons ta n t  a t  
a two MM B/D l eve l . Fore ign s h i pmen t s  i nto PAD V d ro p  
s harply from 1 9 7 7  t o  1 9 8 0 ,  b u t  hold a t  abo u t  6 0 0 M B/D f rom 
1 9 8 0  through 1 9 9 0 . 

• PAD V rece ipts  from PADs I -I V  are e x pe c ted to hold thro ugh 
the decade at the 1 3 0  M B/D l ev e l  and w i l l  be 9 7  p e r c e n t  
prod uc t s . PADs I -I V  rel i ance on PAD V w i l l  move towa r d  8 7 0  
MB/D ( 9 5 percent cr ud e o i l ) by 1 9 9 0 , d ou b l i ng 1 9 8 0  rece ipts  
a t  an annual  rate o f  near 7 . 5  pe rcen t .  Howeve r ,  a w id e  
rang e o f  opin ions we re expre s s ed . 
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CHAPTER ONE 

CURRENT AND PROJ E CTED RE FI NERY OPE RAT IONS AND FACIL I T I ES! 

Ref i n i ng compan i e s  prov id ed d a ta on e ach of the i r  ref i ne r i e s  
for 1 9 7 8 ,  1 9 8 0 ,  and 1 9 8 2  ope r a t i ons and i nc l u d e d  f ac i l i t i e s  e x i s t
ing on Janua ry 1 ,  1 9 7 9  or comm i t ted for ope r a t ion by J a n u a ry 1 ,  
1 9 8 0  and by 1 9 8 2 . Fac i l i t i e s  s ur veyed i nc l u d e d  a tmos ph e r ic d i s
t i l l a t ion and s pec if ic d owns tre am proce s s i ng un i ts for fue l s , 
aroma t ics , s ulfur recove ry , and s pec i a l ty produc t s . 

Re sponde nts fur n i s hed ac tual  c a l e nd e r  ye a r  1 9 7 8  a nd proj ec ted 
1 9 8 0  and 1 9 8 2  s l a t e s  of c r ude oil  and other feed and b l e nd i ng 
s tock s . The compo s i t i on of crud e o i l  s l a te s  we r e  repo r ted accord
i ng to s ulf ur conte n t  ( s we e t ,  med i um ,  and h igh ) and g r av i ty ( l igh t 
and heavy ) . 

Compan i e s  r epo r ted ac t u a l  1 9 7 8  and pro j ec t ed 1 9 8 0  a nd 1 9 8 2  
product y i e lds  of mo tor g a so l i ne , j e t f ue l s , d i s t i l l a te s ,  re s i d u a l  
f u e l s , a sph al t ,  BTX , b l e nd i ng s tock s , a nd o t h e r  s p ec i a l ty produc t s . 

S urvey p ar t ic i pan t s  a l s o  f ur n i s hed d a t a  on t h e  capa b i l i ty of 
e ach ref ine ry to subs t i t u t e  med i um or h igh s ulf ur c r ude for s wee t 
under known env i ronme n t a l  r e s tra i n ts or , i n  the eve n t  of a n a t ional 
eme rgency , w i th s us pe nded re s t ra i n t s .  

The par t ic i pan t s  r e por ted the capab i l i ty of e ach r ef i n e ry to 
maximi z e  the produc t i on of u n l e aded ga s o l i ne und e r  a l t e rn a t e  oc tane 
number s pec ifica t ions . 

Low s ulf ur he avy f u e l  o i l  ma nufac t ur i ng capab i l i t i e s  for v a r-
ious s ulfur con t e n t s  we re repor ted for two cond i t ions: (1 ) mee t i ng 
no rmal d ema nds for other prod uc t s , and ( 2 )  max imi z i ng he avy f u e l  
o i l  produc t s  at the e xp e n s e  of l ig h t  produc t s .  

lAl l d a ta h ave been rounded to the n e a r e s t  M B/D . To t a l s  
we re calculated from who l e  n umbers and th u s  may d iffe r  from the s um 
of rounded d a t a  s hown . 
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Re spo n s e s  to th i s  p a r t  of the s urvey we r e  rece ived f o r  2 4 6  
r e f i ne r i e s  r e pre s e n t i ng 8 6  percent o f  the 2 8 9  r e f i ne r i e s  owned by 
the r e f i n i ng compan i e s  in the Un i ted S t a te s . As of J a nu a ry 1 ,  
1 9 7 9 , the re s pond i ng compa n i e s  h ad a comb ined capac i ty o f  1 6 , 8 7 8  
MB/D . Pro j ect ions for January 1 ,  1 9 8 0  a nd 1 9 8 2  s how t h a t  the s e  
s ame r e f i ne r i e s  wi l l  h ave agg r egate e s t ima ted capac i t i e s  o f  1 7 , 2 6 0  
MB/D and 1 7 , 9 6 9  M B/D for the two d a t e s , r e spect ive ly . 

RE F I N I NG CAPA C I TY 

T ab l e s  1 and 2 pre s e n t  a s umma ry o f  J a n u a ry 1 ,  1 9 7 9 ,  c r ud e  o i l  
r e f i n i ng capac i ty ,  the numb e r  of r e f ine r i e s  wi th i n  the Un i ted 
S ta te s  and G u am ,  and the d i s tr i b u t ion o f  the s e  r e f i n e r i e s  by geo
g raph ic area and s i z e . I t  s hou ld be noted t h a t  t h e  capac i ty o f  
r e f iner i e s  i n  H awa i i ,  the H awa i ian Trad e Zone , A l a s k a , a n d  G u am i s  
aggreg a ted w i th i n  the PAD V f ig ures . 

Tabl e 3 compa r e s  the Ja nuary 1 ,  1 9 7 9  capac i ty w i t h  the pro
j ected to t a l  capac i ty on January 1 ,  1 9 8 0  and 1 9 8 2  i n  the s e v e r a l  
g eograph ic a re a s  s urveye d . Dur ing 1 9 7 9  t h e r e  w i l l  b e  an expans ion 
i n  capac i ty o f  s ome 3 8 2  M B/D , w i th 3 4 . 6  perce n t  o f  th i s  added ca
pac i ty i n  PAD I I ,  2 7 . 5  percent in  PAD V ,  a nd appr o x im a t e ly 15  per
cent e ach i n  PAD s  I and · I I I .  The capac i ty for ano th e r  7 0 9  M B/D 
w i l l  be added dur i ng 1 9 8 0  and 1 9 8 1 . The ma j o r i ty of th i s  added 
capac i ty ( 7 2 . 8  pe rcen t ) w i l l  be located i n  PAD I I I , w i th 11  p e rcen t 
i n  PAD I I  a nd s eve n pe rcent each i n  PAD s  I and  V .  

T a b l e  4 ind ic a t e s  l i t t l e  ch ange i n  the r e l a t iv e  p e rcentag e s of 
total re f i n i ng capac i ty i n  1 9 8 0  and 1 9 8 2 ,  among the r e f i ne ry s i z e  
c a tegor i e s . The d rop i n  r e f i nery c apac i ty f o r  the sma l l e s t  M B/D 
category is the r e s ul t  o f  e xpans ion: n i ne re f i ne r i e s  w i l l  mo ve up
ward i n to the 1 0 - 3 0  M B/D ca teg ory d u r i ng the 1 9 7 9 -1 9 8 2  t ime per i od . 
S im i l a r  s i ze g roup rec l a s s i f icat ion s w i l l  occur through o u t  th e 
i nd u s try d ur ing t h i s  three-y e a r  pe r iod . O f  the t o t al i nc r e a s e  i n  
capac i ty ( 1 , 0 9 1  M B/D through 1 9 8 2 ) , near ly 8 0 0 M B/D i s  i n  r e f i ne r
i e s  of g re a t e r  than 1 0 0  M B/D capac i ty .  
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TABLE 1 

Crud e Oil Re fining Capac ity in Existence 
as of January 1 ,  1 9 7 9  

(MB/D )  

Refinery Location 
Refinery Si4e PAD PAD PAD PAD PAD Res pondent 
Category (MB/D )  I I I  I I I  IV v Capacity 

0- 10 59 5 9  1 2 1  34 54 3 2 7  
1 0- 3 0  9 9  2 2 5  4 2 1  1 7 3 2 7 6  1 , 1 93 
30- 5 0  § 4 6 0  3 4 8  3 5 8  2 8 9  1 , 4 5 4  
50-100 3 8 8  1 , 0 5 6  853 § 6 3 5  2 , 93 2  

100-1 7 5  * 1 , 2 9 7  8 7 8  0 * 3 , 6 05 
1 7 5  & Larger * 1 , 03 8  4 , 6 9 8  0 * 7 , 3 67 

Total 
Respondents 1 , 8 7 1  4 , 1 3 5  7 , 3 1 7  564 2 , 9 9 0  1 6 , 87 8  

Non-Respondent s 0 7 3  246 2 6  92 4 3 7  

Total U . S .A .  1 , 8 7 1  4 , 2 08 7 , 5 6 3  5 90 3 , 0 82 1 7 , 3 1 5  

*Withheld due t o  confid entiality . Data includ ed in to tal . 
tFrom Oil and Gas Journal , March 1 9 7 9 .  

§Reclass ified in order to protect confidential ity . 

TABLE 2 

Number of Re fineries in Existence 
as of January 1 ,  1 9 7 9  

Refinery Location 
Refinery Size PAD PAD PAD PAD PAD Total 
Category (MB/D )  I I I  I I I  IV v Respondentst 

0- 1 0  9 1 1  2 1  7 9 
10- 30 6 1 1  2 1  9 1 3  

3 0 - 5 0  § 1 0  9 8 7 

50-100 6 1 6  1 1  § 8 

1.00-1 7 5  * 1 0  7 0 * 
1 7 5  & Larger * 4 1 4  0 * 

Total 
Respondents 2 8  62 83 24 4 7  

Non-Respondents 0 1 1  1 7  7 8 

Total 5 0  States 2 8  7 3  1 00 3 1  5 5  
and Guam 

*Withheld  due to confidentiality . Data included in total . 
tin add ition , two reported startup in 1 980 . 
§Reclassified in order to pro tect conf ident iality . 

3 3  

5 7  
6 0  

3 4  

4 1  

2 8  
2 4  

2 4 4  
4 3  

2 8 7  

Non-Respondent t 
Capacity 

1 1 6  

24 1 

80 
0 

0 

4 3 7  

Number of 
Non-Respondents 

28 
14 

0 

1 
0 

0 
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Location 

PAD I 
PAD II 
PAD III 
PAD IV 
PAD V 

Total Respondents  

Non-Res pondents  

Planned New and 
Expanded 

To tal 50  States 
and Guam 

TABLE 3 

Geographic Distribution o f  Crude Oil Refinery Capacity 
Pro jected to J anuary 1 ,  1982 

January 1 ,  1 9 7 9  

Capacity 
( MB /D )  

1 , 87 1  
4 , 135 
7 , 31 7  

564 
2 , 990 

1 6 , 87 8  

437 * 

1 7 , 31 5  

Percentage o f  
Respondents  

1 1 . 1  
24 . 5  
4 3 . 4  

3 . 3  
1 7 . 7  

-

100 . 0  

January 1 ,  1 980 

Capacity 
( MB /D )  

1 , 92 7  
4 , 267  
7 , 3 81 

590 
�095 

1 7 , 260  

5 50 t  

249 § 

1 8 , 059 

Percentage of 
Respondents 

1 1 . 2  
24 . 7  
4 2 . 8  

3 . 4  
1 7 .9  

100 . 0  

*From O i l  & G a s  Journal , March 2 6 , 1979 . 

January 1 ,  1982  

Capacity 
( MB /D) 

1 , 9 81 
4 , 348  
7 , 897  

598  
3 , 146 

1 7 , 969  

593t  

568 § 

1 9 , 130 

Percentage of 
Respondent s  

1 1 . 0  
24 . 2  
4 4 . 0  

3 . 3  
17 . 5  

100 . 0  

tJanuary 1 ,  1 97 9 ,  capacities  plus expans ions scheduled and report ed to the Depar tment 
of Energy . 

§New refineries and expans ions planned for cons truct ion January 1 ,  1 97 9 ,  to January 1 ,  
1982 , and reported to the Department o f  Energy . 
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Refinery S ize 
Category (MB/D)  

0- 10 
10- 30 
30- 50 
50-100 

100- 1 7 5  
1 7 5  & Larger 

Total Respondents 

Non-Respondents 

Planned New and 
Expanded 

Total 50 S tates  
and Guam 

TABLE 4 

Distribution of Crude Oil Process ing Capaci ty 
by Refinery Size 

January 1 ,  1979  
Capaci ty Percentage of 

(MB/D)  Respondents 

327 1 . 9 
1 , 193 7 . 1  
1 , 454 8 . 6 
2 , 9 3 2  17 . 4  
3 , 605 2 1 . 4  
7 , 367  43 . 6  

1 6 , 87 8  100 .0  

437 * 

17 , 3 15 

January 1 ,  1980  
Capaci ty Pe rcentage of 

(MB/D) Respondents 

314  1 . 8 
1 , 183  6 . 9  
1 , 534 8 . 9  
3 , 140  ' 18 . 2  
3 , 476  2 0 . 1  
7 , 6 1 4  44 . 1  

17 , 2 60 100 . 0  

5 50t 

249§ 

18 , 059  

*From Oil & Gas Journal , March 26 ,  19 79 . 

January 1 ,  1 98 2  
Capaci ty Percentage of 

(MB/D) Respondents 

292 1 . 6 
1 , 2 5 7  7 . 0 
1 , 4 7 5  8 . 2  
3 , 181  17 . 7  
3 , 6 74  20 . 4  
8 , 090  4 5 . 0  

17 , 9 69  100 . 0  

593t  

568§ 

19 , 130 

tJanuary 1 ,  19 7 9 ,  capaci t ies plu s expans ions scheduled and repo rted to the Department 
of Energy . 

§New refineries and expans ions planned for  cons truct ion January 1 ,  19 7 9 ,  to January 1 ,  
1980 , and reported to the Department of Energy . 



P ROC ES S  FAC I L I TY CAPAB I LI T I E S  

Capac i t i e s  o f  k e y  proc e s s  f ac i l i t i e s  i n  e x i s t e nc e  on J a n u a ry 1 ,  
1 9 7 9 ,  are  pre s e n t ed i n  Tabl e 5 ,  wh i l e  i ncr e a s e s ( or d ec r e a s e s )  i n  
t h e s e  key proce s s e s  for 1 9 8 2 ,  a g g re g a ted by r ef i ne ry s i ze c a te gory 
are s hown in Tab l e 6 .  The trend s  s hown by the s e  d a t a  prov i d e  an 
i ns i g h t  i n to the p l anned expans ion emp l oyed by the i nd us t ry to meet 
g row i ng d emand s for unl e ad ed g a sol ine , to comply w i th p h a s edown of 
l e ad add i t iv e s  in  other motor fuel g rad e s , a nd to accommod a t e  h ig h
e r  s ulf ur , h e av i e r  cr ud e  o i l s . Wi th r e s pec t to oc tane n umbe r  i m
p rov ement and crud e  c apac i ty g a ins , i ncre a s e s  of 8 . 5  p ercen t  i n  
catalyt ic crack i ng , 1 3 . 5 percen t i n  refo rm i ng , 7 2 . 4 p e rcent i n  
i somer i z a t ion pen tane/hex ane , 6 . 5 p ercent i n  a l ky l at ion , a nd 2 . 7  
percent i n  h yd rocr ack i ng capac i t i e s  are proj ec ted be twe en Jan u ary 
1 ,  1 9 7 9 ,  a nd J a nuary 1 ,  1 9 8 2 .  Th e 1 3 . 5 p erce n t  g a i n  in hyd ro t r e a t
i ng capac i ty ,  wh ich i s  d i r ected i n  part to cr ud e o i l  r ef i n i ng 
c apac i ty and oc tane n umber capab i l ity , i s  a l so a prov i s i on fo r i n
creas i ng r un s  of h ig h e r  s ulf ur cr ud e  o i l . 

Capac i t y  d a t a  for key proce s s  fac i l i t i e s  agg r e g a t ed on a g e o
g raph ic bas i s  a r e  d i spl ayed i n  Ta b l e  7 ,  p r e s e n t ing c apac i t i e s  
ex i s t i ng o n  January 1 ,  1 9 7 9 ,  and the i ncre a s e s  i n  the s e  key pr o
c e s s e s  for 1 9 8 2 .  Pa r t icul a r ly no tewo rthy i s  the emph a s i s  upon 
oc tan e- i ncr e a s i ng f ac i l i t i e s  in PADs I I I ,  I V ,  and V. I n  th i s  r e
g ard , t h e re was an i ncrease of 3 2 1 M B/D , o r  2 1 . 4 p erce nt , i n  r e
fo rm i ng capac i ty i n  PAD I I I .  An i ncre a s e  of 7 2 3  M B/D , o r  2 3 . 1 pe r
c e n t , i n  hyd ro tre a t i ng i s  s hown a l so i n  PAD I I I . Th e to t a l  i n
cre a s e  i n  5 0  s ta t e s  was 4 7 4  M B/D , or 1 3 . 5 p e rce n t , for r efo rm i ng , 
and 9 8 0 M B/D , o r  1 3 . 4 p ercent , for hyd ro tr e a t i ng . 

E s t imated comp l ex i ty f ac tors we re calcul a t ed for e ach r e po r t i ng 
ref i nery . The fac tor employed i n  the s t udy i s  e s s en t i al ly th e 
Ne �son Ref i n i ng Comp l e x i ty Factor , e xc l ud ing a s ph a l t  a nd l ub r icat
i ng o i l s  man uf ac t ur i ng capac i ty . The Nel son Fac to r  i s  a more fo r
mal me thod of d ef i n i ng the compl ex i ty of r ef i n i ng ope r a t ions . I n  
compl e x i ty f ac tor calcul a t ions , e ach proce s s  opera t ion i s  we i g h ted 
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TABLE 5 
Proce s s  Facility Capacities  

as  of January 1 ,  1979  
(F igure s Shown are  Aggregate Capacities ) 

Refinery Size Category (MB/D) 

Type of Unit  0-10 10-30 30-50 50-100 100-17 5 
--

Atmospheric Dis tillation 327  1 , 1 7 5  1 , 454 2 , 907 

Vacuum Distilla tion 60 209 4 7 7  8 8 8  

Reforming ( 90 RONC ) t  19 147  301 686  

BTX Recovery ( In Terms 
of  Aromatic Product ) 0 * * 31  

Catalyt ic Cracking 
(Fresh Feed ) 10 1 73  347  1 , 046  

Alkylat ion 0 30 69 208§ 

C5 and C6 Isomerization 0 0 0 2 1  

Catalytic Hydrotreating 37  194 461  1 , 3 15 

Catalytic Hydrocracking 5 * 3 1  65§ 

Coking (Delayed and Fluid ) 0 31  56 204 

*Withheld due to conf ident iali ty .  Data inc luded in total . 
tRONC - research oct ane number clear of debutanized reforma te . 
§Unders tated in order to protect conf identiali ty . Data inc luded in total . 

3 , 5 6 4  

1 , 5 50 

8 50 

46 

1 , 180  

190  

1 2  

1 , 804 

272  

329 

�Does not include crude charge capaci ties fo r uni t s  other than crude atmospheric 
dis tillat ion . 

175  & 
Larger Total 

--

7 , 3 67  16 , 7 93� 

2 , 9 30 6 , 1 14 

1 , 516 3 , 5 19 

134 2 1 8  

2 , 037  4 ,  7 93 

3 1 2§ 847 

2 5  58  

3 , 5 1 4  7 , 3 24  

420  811  

379  1 , 000 



TABLE 6 

Changes in Proces s  Capacitie£ 
1982 Versus 1979  

( Figures Shown are  Aggregate  Capacity Changes , and 
Numbers in Parentheses are Net Changes in Number of Reporting Refinerie s )  

Ref inery S i z e  Category (MB/D)  
175  & 

Type of  Unit 0-10  10-30 30-50 50-100 100-175  Larger T o tal  

January 1 ,  1 9 82 

Atmospheric Distillat ion -35 +64 +2 1 +2'-9  +6 9 +7 2 3  +1 , 092  
(-9 ) (+4 ) ( 0 )  (+5 ) ( 0 )  (+2 ) (+2 ) 

Vacuum Distillation - 1 +50 +46 +54 - 2 +259  +406 
(-1 )  (+5 ) (+1 ) (+2 ) ( 0 )  (+2 ) (+9 ) 

Re forming ( 9 0  RONC) t +20 +2 1 +2 5 +85 +83 +2 3 9  +47 3  
(+4 ) (+3 ) ( 0 )  (+4 ) ( 0 )  (+1 ) (+12 ) 

BTX Recovery ( In Terms * * * + 2 -1 +19 +22 
of Aromatic Produced ) (+1 ) (0 ) (-1 ) (0 ) ( -1 )  (+2 ) (+1 )  

w 
00 Catalytic Cracking -1 0  +4 1 +7 3 +1 9 +1 4 +2 7 1  +408 

( Fresh Feed ) ( -3 ) (+4 ) (+2 )  (-1 ) (0 ) (+3 ) (+5 )  

Alkylation N/A -3 +1 1 * +5 +43 §  +56 
(0 ) (-1 ) (+1 ) (-1 ) (+1 ) (+3 ) (+3 ) 

C5 and C6 I somerization +0 . 25 N/A N/A +1 2 -1 2 +4 2 +4 2 
(+1 ) ( 0 )  ( 0 )  (+2 ) ( -1 ) (+3 )  (+5 ) 

Catalytic Hydro treating +11 +3 8 +11 +1 54 +7 6 +6 91 +980 
(0 ) (+2 ) ( 0 )  (+3 ) ( 0 )  (+2 ) (+7 ) 

Catalytic Hyd rocracking +3 * 0 * +1 0 ( 0 )  +2 2 
(+1 ) (0 ) ( 0 )  ( 0 )  ( 0 )  ( 0 )  (+1 ) 

Coking ( Delayed and Flui d )  N/A 0 -18 + 3 1  +6 +29 +48 
(0 ) (+1 )  (-1 ) (+1 ) (+1 ) (0 ) (+2 ) 

*Data withheld due to conf identiality . Data included in total . 
tRONC - research oc tane number clear of d ebutanized reformate .  
§Understated to protect confidential ity . Data included in total . 



TABLE 7 

Geographic Distribution of Key Process Facilit ies 
as of January 1 ,  1979 , and for 1982  
( Capacities are Aggregated in MB/D )  

Refinery Location 
PAD PAD PAD PAD PAD 

Process  Facility I II III IV v Total 

Atmospheric Dist illation 1 , 871  4 , 135 7 , 306 564 2 ,  9 1 7  1 6 , 7 9 3 t  
1979-1982 Increase 110  213  580 34 1 56 1 , 092 
Percentage Increase 5 . 3  5 . 1  7 . 9  6 . 0  5 . 4  6 . 5  

Vacuum Distillation 862  1 , 42 8  2 , 425  204  1 , 194 6 , 114  
1979-1 982  Increase  8 44 286  14 55 407 
Percentage Increase 0 . 9  3 . 1  1 1 . 8  6 . 9  4 . 6  6 . 7  

Reforming ( 90  RONC) 399 905 1 , 497 107 6 1 3  3 , 5 1 9  
197 9-1 982  Increase 9 62 321  14 67  474  
Percentage Increase 2 . 2  6 . 9  21 . 4  13 . 1  10 . 9  13 . 5  

BTX Recovery 18  36  159  0 6 2 1 8§ 
197 9-1982  Increase 0 6 16  0 0 2 2 
Percentage Increase 0 16 . 7  10 . 1  0 0 10 . 1  

Catalytic Cracking 569 1 , 440 2 , 030 166  589  4 , 793 
1979-1982  Increase -6 7 5  2 89 2 5  2 5  408 
Percentage Increase -1 . 1  5 . 2  14 . 2  1 5 . 1  4 . 2  8 . 5  

Alkylation 63 276  366 27 1 1 5  847 
1979-1 982  Increase 0 12  41  2 0 5 5 
Percentage Increase 0 4 . 3  11 . 2  7 . 4  0 6 . 5  

C5 and C6 Isomerization * 12  46  0 0 58  
1979-1 982 Increase * 21  2 1  0 0 42 
Percentage Increase * 1 7 5  46 . 6  0 0 7 2 . 4  

Catalytic Hydro treating 1 , 049  1 ,  7 14 3 , 128  225  1 , 208 7 , 325  
1979-1 982  Increase 5 123  723 13  117  980 
Percentage Increase 0 . 5  7 . 2  23 . 1  5 . 8  9 . 7  13 . 4  

Catalytic Hydrocracking 7 2  140 257  5 336  8 1 1  
197 9-1982  Increas e 0 0 3 0 1 8  22 
Percentage Increase 0 0 1 . 2  0 5 . 4  2 . 7  

Coking (Delayed and Fluid ) 74 280 277  1 7  352  1 , 000 
197 9-1 982 Increase 0 5 19  13  11  48 
Percentage Increase 0 1 . 8  6 . 9  7 6 . 5  3 . 1  4 . 8  

*Reclassified due to confidentiality . Data included in total . 
tDoes not include five units  in PAD V ,  which have a crude charge capac ity 

of 84 MB/D but are not atmospheric dist illation units . 
§Does not include BTX units  in chemical plants that were no t covered 

by this survey . 
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i n  te rms o f  i t s r e l a t i v e  compl ex i ty ,  w i th t h a t  o f  c r ud e  d i s t i l l a
t ion be i ng a s s igned a v a l ue o f  one . The d a t a  f r om the s u rvey 
i l l u s tr a te that a re f i ne ry ' s  capab i l i ty to proc e s s  h ig h e r  s ul fur 
c r ud e  o i l and d iv e r s i fy i t s prod uc t  m i x e s  corre l a t e s w i th a n  
i ncre a sed comp l e x i ty f ac tor . 

Th e comp l ex i t y  f ac tor for e ach re f i ne r y  i s  computed u s i ng the 
s umma t ion o f  the a r i t hme t ic f ac tors for e ach proce s s .  Fac tor s  for 
e ach proce s s  we re d e t e rm i ned by mul t i p l y i ng the " pe rc e n t  capac i ty"  
o f  the un i t  by the  r e l at ive fac tor for the un i t . ( The percen t 
capac i ty i s  equal  to the capac i ty o f  the un i t  d iv id ed by t h e  capac
i t y  o f  the a tmo s ph e r ic d i s t i l l a t ion un i t . )  Tabl e C . O  i n  Append i x  C 
e xpl a i n s  the comp l e x i ty f ac tor calcul at ion i n  g re a t e r  d e ta i l . The 
breakdown of compl e x i ty f ac tor by re f i ne ry s i ze is  s hown i n  Tabl e 
8 ,  and Ta b l e  9 s hows a breakdown by PAD d is t r ic t . 

Of the 2 4 4 r e f i ne r i e s  report i ng for 1 9 7 9 , 9 0 , repre s e n t i ng 7 . 7  
percent o f  the capac i ty ,  we re und e r  a f ac tor o f  3 . 0 ,  and  4 2  re f i n
e r i e s , r epre s e n t i ng 3 5 . 3 p e rcen t ,  we re i n  a f ac to r  r ang e o f  7 -9 .  
Re f i ne r i e s  b e l ow 3 . 0  compl e x i ty f ac tor normal l y  h av e  on l y  d i s t i l
l at ion un i t s  and are  capable  o f  manufactur i ng r e s i d u a l  o i l , No . 2 
o i l , naph th a , and asphal t .  Re f i ne r ie s  i n  th e 5 - 7  range typ ic a l l y  
h av e  c a t a ly t ic crack i ng un i ts , r e forme r s , a nd a l kyl a t ion un i ts , a nd 
are able  to prod uce a wide range o f  prod uc t s . The pl a n t  i n  t h e  7 - 9  
r ang e g ene r a l ly h a s  hyd rod e s u l f ur i za t ion capab i l i t y  i n  add i t ion to 
the f ac i l i t i e s  of a 5 - 7  r a ng e  re f i ne ry . A re f i ne ry in the ove r- 9  
c a tegory g ene ra l ly h a s  hyd rocrack i ng un i t s . 

1 9 7 8 CRU DE O I L  S LATE S  

I n  Tab l e  1 0 ,  1 9 7 8  cr ud e  o i l  s l a te s  a r e  agg r e g a ted by r e f i nery 
s i ze category . Th ree g eneral crud e  oil  g rad e s  are  s hown : swe e t  
( l e s s  t h a n  0 . 5  w t % s ul f u r ) , med i um s u l f u r  ( be twee n  0 . 5  a n d  1 . 0  wt 
% s ul f ur ) , a nd h ig h  s ul f ur ( g re a t e r  than 1 . 0  w t % s ul f ur ) . S ub
g r ad e s  of l ig h t ( l e s s  than 1 5  pe rcent 1 0 5 0° F+ re s i d u um )  a nd h e av y  

4 0  



TABLE 8 

Refining Capacity Distribut ion 
by Process Complexity Factor 

as of January 1 ,  1 979  
( Capacities aggregated in  MB /D , with 

Number of Reporting Refineries in Parentheses)  

Under Over 
Size 3 3-5 5-7 7-9 9-1 1 1 1  Total 

0- 10 264 43 0 * 0 * 327 
( 4 8 )  ( 7 )  ( 5 7 ) 

10- 30 636 * 245 * 0 0 1 , 1 93 
( 34 )  ( 12 )  ( 60 ) 

30- so * 493 356 217  * * 1 , 454 
( i 2 )  ( 8 )  (5 ) (34 ) 

50-100 * * 1 , 041 963 233 3 1 6  2 , 93 1  
( 1 6 )  ( 1 3 )  ( 3 )  ( 4 )  ( 4 1 ) 

100-175  0 * 1 , 071 1 , 107 688 * 3 , 605 
( 8 )  ( 8 )  ( 6 )  ( 2 8 )  

175  & Larger 0 * 2 , 6 68 3 , 603 * * 7 , 367  
( 7 )  ( 1 3 )  ( 24 ) 

Total 1 , 308 1 , 458 5 , 380 5 , 959  1 , 487  1 , 285 1 6 , 8 7 8  
( 9 0 )  (37 ) ( 5 1 )  ( 4 2 )  ( 1 3 )  ( 1 1 )  ( 2 4 4 )  

*Data withheld t o  pro tect confidentiality . Data included in total . 

TABLE 9 

Refining Capac ity Distribution 
by Process Complexity Factor and Geographic Area 

as of January 1 ,  1 979  
( Capacities Aggregated in  MB/D ,  with 

Number o f  Re porting Refineries in Parenthese s )  

Geographic Under Over 
Area (PAD ) 3 3-5 5-7 7-9 9-1 1 1 1  T otal 

I 125  * 826 669 * * 1 , 8 7 1  
( 1 1 )  ( 6 )  ( 6 )  ( 2 8 )  

I I  99 386 1 , 487 1 , 702 * * 4 , 135  
( 1 3 )  ( 9 )  ( 2 1 )  ( 1 4 )  ( 62 ) 

III  440 738 2 , 1 7 1  2 , 732 660 570 7 , 31 7  
( 3 5 )  ( 1 2 )  ( 1 2 )  ( 1 6 )  ( 4 )  ( 4 )  ( 8 3 )  

IV 103 175  206 * * * 564 
( 6 )  ( 9 )  ( 7 )  (24 ) 

v 541 * 690 * 358  448 2 , 990 
( 2 5 )  ( 5 )  ( 4 )  ( 4 )  ( 4 7 ) 

Total 1 , ·308 1 , 478 5 , 380 5 , 959  1 , 487 1 , 285 1 6 , 87 8  
(90 ) (37 ) ( 5 1 )  (42 ) ( 1 3 )  ( 1 1 )  ( 244 ) 

*Data withheld to protect confidentiality . Data included in to tal . 
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TABLE 10  

Crud e Oil and Other Feeds tock Slates 
Actual Calendar 1978  

(MB/D ) 

Refinery S ize Category (MB/D)  

Feedstocks t 0-10 10-30 30-50 50-100 100-175  
- --- ---

Sweet Crude Oil 1 1 7  528 7 1 8  1 , 743  
Percentage Sweet  Crude§ 5 1 . 3  5 8 . 4  5 7 . 7  6 5 . 5  

Medium Sul fur Crude Oil 
Light Med ium Sul fur 20 52 162 209 
Heavy Medium Sulfur 'IT 1 00 50 1 7 5  

High Sulfur Crude Oil 
Light High Sul fur 25  36  60 358 
Heavy High Sulfur 66 188 2 54 1 7 7  

-- -- -- ---

Total Crude Oil 228 904 1 , 244 2 , 662 

Field Cond ensate 2 1  1 8  1 5  * 

Other Feeds tocks 23 65 7 9  373** 
-- -- --- ---

Total Crude Oil , Field 
Condensate,  and Other 
Feeds tocks 2 7 1  987 1 , 336 3 , 070  

*Data withhel d  to protect confident iality .  Data included in to tal . 
tDescription of  Feeds tocks : 

Sweet : Under 0 . 5  wt % sulfur 
Medium Sulfur : Between 0 . 5  and 1 . 0  wt % sulfur 

Light Medium :  1 5% o r  less @ 1 050 °F+ res iduum assay 
Heavy Medium:  Greater than 1 5 %  @ 1050°F+ residuum as say 

High Sul fur : In excess of  1 . 0  wt % sul fur 
Light High : 1 5% or less  @ 1050 °F+ res iduum assay 
Heavy High: Greater than 1 5% @ 1 050 °F+ residuum assay 

1 , 7 26 
54 . 3  

1 3 9  
302 

296 
7 1 6  

---

3 , 1 7 9  

* 

206** 
---

3 , 448 

1 7 5  & 
Larger 

3 , 052 
4 8 . 0  

253 
538  

1 , 7 1 6  
7 9 6  

---

6 , 355 

23  

540 
---

6 , 91 7  

Other Feeds tocks : Natural gasoline , butane , reduced crudes , naphtha , etc . 
§Percentage o f  to tal crude oil  exclusive of  condensate and other feedstocks . 
'ITReported with l ight medium sulfur crude oil  to protect confidentiality . 

Total 
-

7 , 883 
54 . 1  

834 
1 , 1 6 4  

2 , 491  
�1 9 6  

1 4 , 568  

8 7  

�374  

1 6 , 029  

**In the feedstock categ ory , in refinery sizes  50-1 00 and 1 00-1 7 5 ,  the  numbers 373 and 206  
are und ers tated due to confid entiality . 



( g re ater than 1 5  p erce nt 1 0 5 0 ° F +  re s id uum )  a re s hown f o r  the h i g her 
s ul f ur c r ud e  o i l s . For al l r e s pondents  comb i ned , s we e t cr ud e  o i l s  
represented 5 4  p e rcen t , med i um s ul fur o i l s  r epr e s e n t e d  1 4  p ercen t , 
and h igh s ul f ur o i l s  repre s e n t e d  3 2  percent o f  to t a l  r uns . 

Tabl e 1 1  r e s t ate s i n  perc e n t ages  the cr ud e  o i l  a nd o t h e r  f i e ld 
cond ensate d ata f rom Ta bl e 1 0 .  Th e d ata i l l us t r a t e  the av erag e 
percentage o f  e ach type o f  f e e d s tock by re f i ne ry s i z e . Th e  l arg e 
percen tag e o f  h e avy h ig h  s ul fur crud e  o i l  i n  r e f i ne r i e s  o f  l es s  
than 3 0  M B/D ,  and par t ic ul arly i n  t ho s e  o f  l e s s  than 1 0  M B/D , i s  
as soc i a ted w i th asph a l t prod uc t ion . 

Wi th respect to g eog raph ic area , Ta b l e  1 2  s hows q u an t i t i e s  o f  
the various  cr ud e  o i l  g r ad e s  proce s s ed i n  al l PAD d i s tr ic t s . Ge n
e ra l ly , crud e  o i l  s l a t e s  in PAD V con t a i ned s ub s t a nt i a l ly l arger 
percen t ag e s  of  med i um and h igh s ul f ur cr ud e  o i l  than those o f  other 
PAD d is t r icts . 

FUTURE CRU DE O I L  S LATE S 

Compan i e s  an t ic i pa te that i t  w i l l  be nece s s ary to proc e s s  i n
creas ing ly g re ater quan t i t i e s  o f  h ig he r  s u l fur c r ud e  o i l s  i n  1 9 8 0  
and 1 9 8 2 .  Tabl e 1 3  s hows t h e s e  proj ec t ions , appare n t l y  r e f l ect i ng 
d ecl in i ng swe e t  crud e  o i l  av a i l ab i l i ty a s  we l l  a s  e x pan s i on o f  
ove r a l l  cr ud e  o i l thro ughp u t s . Wh i l e  to t a l  med i um a nd h ig h  s u l f u r  
crud e  o i l  throug hpu ts i ncre a s e  by 2 8  p ercen t  f rom 1 97 8  t o  1 98 2 ,  
only 3 6  percent o f  t h i s  i ncre a s e  i s  i n  the h e av y  med i um a nd h e avy 
h ig h  s ulfur g rad e s  wh ich may r e f l ec t  l im i ted econom ic marke t s  for 
h igh s ul f ur re s id u um and l imi ted res i d u a l  conv e r s ion proc e s s 
capac i t i e s . 

Th e pe rcen tag e o f  med i um and h i g h  s u l fur c r ud e  oi l s  i n  PADs I I I  
and V are an t ic i pated to i ncrease s ig n i f ican t l y  by 1 9 8 2  a s  s hown i n  
Ta bl e 1 4 .  

4 3  



Types of Feeds tock 

Sweet Crude Oil§ 

Medi um  Sulfur Crude Oil 
Light Medium Sul fur 
Heavy Medium Sulfur 

High Sulfur Crude Oil 
Light High Sul fur 

! Heavy High Sulfur 

Field Condensate 

0-10 
--

4 7 .0% 

8 . 0  
t 

10 . 0  
2 6 . 5  

8 .4 
100 . 0% 

TABLE 11  

Percentage Di stribut ion of  
Crude Oil and Field Condensate Slates 

Actual Calendar 1978  

Refinery S ize  Category ( MB /D )  

10-30 30 -50 50-100 100-17 5 

5 7 . 3%  5 7 . 0% 6 5 . 5 %  5 4 . 2% 

5 . 6  1 2 . 9  7 . 9  4 . 4  
1 0 . 9  4 . 0 6 . 6  9 . 5  

3 . 9  4 . 8  13 . 5  9 . 3  
2 0 . 4  2 0 . 2  6 . 7  2 2 . 5  

2 .0 1 .2 * * 
100 . 0% 100 . 0% 100 . 0% 100 . 0% 

*Data withheld to protect conf identiality . 
tReported with l ight medium sul fur crud e o il to pro tec t confidentiality . 
§Percentage of  crude charge and field condensate . 

1 7 5  & Al l Re spondent 
Larger Refineries 

4 7 . 9 %  5 3 . 8 %  

4 . 0  5 . 7  
8 . 4  7 . 9  

2 6 . 9  1 7 . 0  
1 2 . 5  1 5  . o  

0 .4 0 .6 
100 . 0% 100 . 0% 
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TABLE 1 2  

Geographic Distribution of Crude Oil , 
F ield Condensate,_�nd other Feedstock S lates in 1978  

(MB/D ) 

Refinery Location 
PAD PAD PAD PAD 

I II III IV 
- -- -- --

Sweet Crude Oil 8 83 2 , 388  3 , 610  2 5 8  
Percentage Sweet  Crud et ( 5 0 . 6 )  ( 63 . 1 )  ( 5 7 . 2 ) ( 5 3 . 6 )  

Medium Sul fur Crude Oil 
Light Medium Sulfur 3 7  231  346 84 
Heavy Medium Sul fur 101  7 5  1 6 7  0 

High Sul fur Crude Oil 
Light High Sulfur 308 587  1 , 543 * 
Heavy High Sul fur 4 1 6  488  587 1 2 5  

--

To tal Crude Oil 1 , 745  3 , 769  6 , 254 467  

Field Condensate Nil 1 5  5 8  14 

Other Feedstocks 137  270  746  26  
--

To tal Crude Oil , Field 
Condensate and Other 
Feed stocks 1 , 882 4 , 054 7 , 058  507  

*Reclassified to pro tec t confidentiality . 
tPercentage of  crude charge and field cond ensate . 

PAD 
v Total 

--

744 7 , 8 83 
(3 1 . 9 )  ( 53 . 8 )  

136 834 
822 1 , 164 

53 2 , 4 91 
579  _I, 196 

2 , 334 14 , 568  

* 87 

195  �374  

2 , 52 9  1 6 , 02 9  



TABLE 13  

Crude Oil  and Other Feedstock Slates 
Actual Calendar 1 9 7 8  and P ro j ected 1980 and 1982  

1978  1980 
Type of Feeds tock MB/D P ercentage* MB/D Percentage* 

Sweet Crude Oil 7 , 883 53 . 8  8 , 003 5 0 . 5  

Medium Sulfur Crude Oil 
Light Medium Sul fur 834 5 . 7  83 8 5 . 3 
Heavy Medium Sulfur 1 , 164 7 . 9 1 , 3 82 8 . 7  

High Sulfur Crude Oil 
Light High Sul fur 2 , 491 1 7 . 0  3 , 192  20 . 1  
Heavy High Sulfur 2 , 196 1 5 . 0  2 ,331  1 4 . 7  

� Total Crude Oil 1 4 , 568 1 5 , 747  
0'\ 

Field Condensate 87 0 . 6 1 1 5  0 .7 
100 . 0  100 . 0  

Other Feedstocks 1 , 374 1 , 320  

Total Crude Oil , Field 
Condensate & Other 
Feeds tocks 1 6 , 029  1 7 , 1 82 

*Percentages included only crude o il and condensate . 

MB/D 

8 , 0 91 

937  
1 , 4 62 

3 , 572  
�568 

1 6 , 63 0  

110  

1 , 244 

1 7 , 9 84 

1982  
P ercentage* 

4 8 . 3  

5 . 6  
8 . 7  

2 1 . 3  
1 5 . 3  

0 . 7 
100 . 0  
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TABLE 14 

Geographic Distribution 
of Crude Oil  and Other Feedstock S lates in 1982 

(MB/D ) 

Refinery Location 
PAD PAD PAD PAD 

I II III IV 
- -- -- --

Sweet Crude Oil 944 2 , 534 3 , 652  2 73 
Percentage Sweet Crude§ (4 9 . 2% )  (61 . 2 % )  ( 49 . 5% )  ( 5 1 . 5% )  

Med ium Sul fur Crud e Oil 
Light Medium Sulfur 50 187  386  96  
Heavy Medium Sul fur * 1 7 6  2 7 0  0 

High Sul fur Crude Oil 
Light High Sulfur 4 81 7 6 2  2 , 288 t 
Heavy High Sul fur 443 474  698 1 52 

To tal Crude Oil 1 , 91 8  4 , 133 7 , 2 94 521  

Field Condensate Nil 10  91  9 

Other Feed stocks 105  220  7 1 5  2 9  

To tal Crude Oil , Field 
Condensate , and Other 
Feed stocks 2 , 02 3  4 , 363 8 , 099 559  

*Reported with l ight medium sulfur crude o il to  pro tect confidentiality . 
tReported wi th heavy high sul fur crud e oil to protect confidential ity . 
§Percentage of crude charge and field condensate . 

PAD 
v T otal 

-- --

687 8 , 0 91 
( 2 4 . 8% )  ( 4 8 . 3% )  

219  937  
1 , 01 6 1 , 462 

41  3 , 5 72  
802 2 , 568  

2 , 7 65 16 , 630 

Nil 1 1 0  

1 7 7  1 , 244 

2 , 942  1 7 , 984 



P RODUCT Y I E LDS 

P r od uc t  s l a t e s  for 1 97 8  are s hown a g g reg ated by r e f i n e ry s i ze 
i n  Tabl e 1 5  wh ich i l l u s tr a t e s  the g e n e r a l l y  g r e a t e r  capab i l i ty o f  
r e f i n e r i e s  o f  5 0  M B/D a nd g re a t e r  capac i ty to y i e l d  more g aso l in e , 
other l ig h t  f ue l s  and s pec i al ty, prod uc t s . Tabl e 1 6  d e p ic t s  how 
1 9 7 8  p roduc t  s l at e s  v ar i ed by g eog raph ic a re a . Tr e n d s  i n  prod uc t  
s l a t e s  ove r  t h e  1 9 7 8 -1 9 8 2  per iod are s hown i n  Tabl e 1 7 .  

Ga so l i n e  prod uc t ion i ncrea s e s  from 7 , 2 3 7  M B/D i n  1 9 7 8  t o  7 , 5 8 8  
MB/D i n  1 98 0  a nd the n  to 7 , 8 4 6 M B/D i n  1 9 8 2 .  Howe v e r , p e rcen tag e 
y i e l d s  o f  g a so l i ne d ecl i n e  d ur i ng th i s  per iod a s  cr ud e o i l  s l a te s  
b ecome h e av i e r  and h ig h e r  i n  s u l f ur and a s  proce s s  s ev e r i t i e s  a r e  
i ncr e a s ed to me e t  g row i ng d emand s f o r  unl e ad ed g a so l i n e  a nd ach i ev e  
comp l iance w i th l e ad phasedown r eg u l at ions . Ta b l e  1 8  s hows the 
g e og r aph ic d i s tr ibut ion o f  the g a sol ine prod uc t ion trend . 

Res pond e n t s  reported s ig n i f icant g rowth trends  i n  y i e l d s  o f  
k e ro s i ne- b as ed j e t f ue l  and f e ed s tocks s o l d  to o th e r s . 

S UBSTITUT ION OF H I GHER S U LFUR CRU DE O I L 

Th e  capab i l i ty to s ub s t i t ute h igher s u l f ur cr ud e o i l s  i n  re f i n
e ry s l ate s i n  1 98 0  u nd e r  known e nv i ronme n t a l  r e s t r a i n t s  i s  s ummar
i z ed by g e og raph ic area in Tab l e  1 9 .  Med i um a nd h ig h  s u l f ur c r ud e  
o i l  re f i n ing capac i ty pr e s e n t l y  not f u l ly u t i l i ze d  i s  g re a t e s t  i n  
PAD I I I  and l e a s t  i n  PAD V .  The t ab l e  s hows t h a t , f o r  th e 5 0  
s ta te s  a nd Gu am ,  6 3 4 M B/D o f  l ig h t  h i g h  s ul f u r  or 3 9 7 M B/D o f  h e avy 
h igh s ul f ur could be s ubs t i t u t ed for s we e t  cr ud e  wh ich wo u l d  red uc e  
t h e  swe e t  crud e  7 1 7 a nd 5 6 6 M B/D , r e spec t i v ely . Th i s  i l l u s t r a t e s  
t h a t  los s e s  i n  re f i n i ng capac i ty re s ul t  whe n  h ig h  s ul f ur c r u d e  o i l  
i s  s ub s t i tuted for swe e t  crud e o i l . 

4 8 



TABLE 15  

Produc t Slates 
Actual Calendar 1978  

(MB/D )  

Refinery S ize Category (MB/D) 
175  & 

0-10 10-30 30-50 50-100 100-175  Larger Total --

Mo tor Gasoline ( All  Grade s )  49  332 561 1 , 501 1 , 742 3 , 051 7 , 237 
Jet Fuel 
Naphtha Base 20 40 41 20 56 44 222  
Kerosine Base 0 9 48 105 144 484 789  
Keros ine and No . 1 Heating Oil 3 13  39 50 59 98 262 
Diesel 29 106 123  164  300 320 1 , 043 
Dist illate No . 2 19  98 141  460 363 860 1 , 940 
Heavy Fuel Oil s ( #4 , #5 , #6 ,  et al . )  68 1 7 9  154 237  233 752  1 , 623  

""" Asphalt 24 69  62 59  86 153 453 
1.0 Finished Lubricants 1 7  * * 1 8  34 120 196 

Coke (M  Short Tons /Day) 0 1 2 7 13 17  39  
BTX 0 * * 1 5  2 9  6 5  115  
Refinery Fuel Produced ( Include  6 37  67  1 71 225  365 870 

Refinery Coke) 
Feeds tocks Sold 14  30 2 7  9 5  58 3 84 608 
Other ( except Sul fur , Wax) 1 1  7 1  74  2 15  1 7 2  3 2 8  872  
Total ( except Coke , Sulfur , Wax) 260 988  1 , 346  3 , 1 10 3 , 502 7 , 023 1 6 , 22 8  

*Data withheld due to confidential ity . Data included i n  total . 



TABLE 1 6  

Geographic D i s tribution o f  Product S lates in 1 9 7 8  

PAD PAD PAD PAD PAD 
I II III IV v Total -- -- -- -- -- --

Mo tor Gasoline ( All Grades)  7 9 7 2 , 1 6 1  2 , 9 9 6  2 4 4  1 , 03 9  7 , 2 3 7  

Je t Fuel s 6 7  1 7 8  4 7 5  2 6  2 6 6  1 , Ol l  

M i d d l e  Dist illates 4 6 3  9 0 9  1 , 4 2 1  1 2 1  3 2 9  3 , 2 4 4  

He avy Fuel Oils 2 1 8  1 9 5 7 00 2 4  4 8 7  1 , 6 2 3  

A s phal t 9 4  1 6 7 1 03 2 9  60 4 5 3  

Feed s t o cks So ld 2 7  4 5  4 80 1 8  3 7  6 0 8  
\Jl 
0 

Other ( ex c e p t  Coke , Sul fur , Wax) 1 2 7  1 96 6 4 9  1 4  1 96 1 , 1 82 

Re f i n ery Fue l  Produced 1 2 0  2 5 8  3 1 2  3 2  1 4 8  8 7 0  --

To tal ( ex c e p t  Coke , Sul fur , Wax) 1 ,  9 1 3  4 , 1 0 9  7 , 1 3 5  5 0 9  2 , 5 6 3  1 6 , 2 2 8  



TABLE 1 7  

Product Slates Actual Calendar 1978 and Projected 1 980 and 1982 

1978 1 980 1982 
Percentage Percentage 

MB /D of Feedstock MB /D of  F eedstock MB /D 

Motor Gasoline (All Grades)  7 , 237 45 . 1  7 , 588 4 4 . 2  7 , 846 
Jet Fuels 1 , Ol l  6 . 3  1 , 139  6 . 6  1 , 207 
Middle Dist illates 3 , 245 20 . 2  3 , 388 1 9 . 7  3 , 499  
Heavy Fuel Oils 1 , 623 10 . 1  1 , 676 9 . 8  1 , 843 
Asphalt 453 2 . 8  465 2 . 7 488 
Feedstocks Sold 608 3 . 8  801 4 . 7  928 
Other ( except Coke , Sulfur , Wax) 1 , 1 82 7 . 4 1 , 315  7 . 7 1 , 345 
Refinery Fuel Produced 870 5 . 4  970 5 . 6  1 , 018 

Total ( except Coke , Sulfur , Wax) 1 6 , 229  101 . 1  1 7 , 343 101 . 0  18 , 174  

Total Crude Oil , Field Condensate , 
and Other Feeds tocks 

Re finery 
Locat ion 

PAD I 

PAD II 

PAD I I I  

PAD IV 

PAD v 

Total 

1 6 , 029 100 . 0  1 7 , 1 82 100 . 0  

TABLE 18 

Geographic Distribution of Gasoline Production 
(Aggregate HB /D) 

Actual Projected 
1978 1980 

797 784 

2 , 1 61 2 , 258 

2 , 996 3 , 1 94 

244 263 

1 , 039 1 , 090 

7 , 237 7 , 588 

5 1  

1 7 , 984 

Projected 
1982 

812 

2 , 270  

3 , 3 59  

27 7 

7 , 846 

Percentage 
of Feedstock 

43 . 6  
6 . 7  

1 9 . 5  
10 . 2  

2 . 7  
5 . 2  
7 . 5  
5 . 7  

101 . 1  

100 . 0  



TABLE 19  

Capability to  Substitue Crude  Oils  of Greater than 
0 . 5  Wt % Sulfur Content for Sweet Crude Oils 
Under Known Environmental Cons traints ( 1 980 ) * 

(Aggregate MB/D )  

Refinery Location 
PAD PAD PAD PAD PAD 

I II III IV v Total 
-- -- -- -- --

Hedium Sulfur Crude  Oil 

Light Medium Sul fur 
Substituted 1 7 1  1 83 418  1 12  84  968 

Sweet Crude Backed Out 1 71  192  447 1 17  84 1 , 010 
Net Reduct ion in Crude 

Capability 0 9 29  5 0 43 
U1 
N Heavy Medium Sul fur 

Substituted 165  7 7  266 19  63  590 
Sweet Crud e Backed Out 1 71  105 320 25 70 691 
Net Reduction in Crude 

Capability 6 2 8  54 6 7 101 

High Sulfur Crude Oil 

Light High Sul fur Substituted 155  7 8  301 45  55  634  
Sweet Crude Backed Out 1 55 1 1 5  339 51 57 7 1 7  
Net Reduction i n  Crude 

Capability 0 37 38  6 2 83 

Heavy High Sulfur Substituted 7 1  50 208 25 43 397  
Sweet Crude Backed Ou t 134 87  258  34 53 566 
Net Reduction in Crud e 

Capability 63 37  50  9 10 169  

*Figures by grade of  crude oil substituted are  no t additive . 



I t  i s  ev i d e n t  from Ta bl e 2 0  t ha t  the g re a t e s t  phys ical o b s ta
cles  to s ub s t i t u t i ng add i t ional h ig h e r  s u lf ur o i l s  are e nv i ronme n
tal con s id erat ions ( s ul fur i n  prod uc t s , a nd a i r  em i s s ions  a nd s ul
f ur emi s s ions from ref i nery f ue l )  and me t a l l u rgy . Temporary s u s
pens ion of e nv ironme n t a l  con s t r a i n ts wo u l d  e n a b l e  ref i n e r i e s  to 
s ubs t i tu t e  four t ime s a s  much crude o i l  ( Table 2 1 ) as pos s i bl e 
u nd er known e nv i ronmental con s t r a i n t s  ( Ta bl e  1 9 ) . 

UN LEADE D GASOLINE CAPAB I L ITY 

Al tho ug h  the capab i l i ty to prod uce u nl e ad ed g a sol i n e  is  co n 
s tantly i ncrea s i ng , i t  i s  affected s ig nificantly by t h e  oc tane n um
ber requ i r ed for the unl e ad ed prod uc t . Th i s  i s  i l l u s tra t ed bo th i n  
Ta ble 2 2  a nd F i g ur e  2 ,  wh ich s how the max imum c apab i l i ty t o  prod uc e  
spec if ic g r ad e s  of unl e ad ed g a sol ine . The n umber of ref i ner i e s  
t h a t  c a n  produce g aso l ine of an oc tane n umbe r o f  9 0  ( R+M ) /2 i s  only 

TABLE 20  

Major Constraints on  the  Ability 
to Substitute High Sulfur Crude Oil ( 1 978 ) 

Number of Rela ted 19 78 Crude* 
Cons traints Refineries Oil Capacity (MB/D)  

Sulfur Content of Product s 166  1 2 , 823  

Air Emiss ions at  Refinery 1 17 9 , 4 7 8  

Sulfur Content of Refinery Fuel 104 8 , 08 5 

Metallurgy 78  6 , 933  

Effluent Water Quality 34 94 1 

Total Refinerie s Reporting 
One or More Cons traints 204 1 5 , 92 7  

Total Refineries Not Report ing 
Constraints 42 9 5 1  

*Capacities are not addi tive . 

5 3  



TABLE 2 1  

Capability t o  Substitute Crude Oils o f  Greater than 
0 . 5  Wt % Sulfur Content for Sweet Crude Oils 

Under Suspension of  Environmental Cons traints ( 1980 ) * 
( Aggregate MB/D) 

Refinery Location 
PAD PAD PAD PAD PAD 

I II  III IV v Total 
-- -- -- -- --

Medium Sulfur Crude Oil 

Light Medium Sulfur 
Substituted 634 838 1 , 230 155  325  3 , 1 82 

Sweet Crude Backed Out 655  846 1 , 244 159  325  3 , 230 
Net Reduction in Crude 

Capability 2 1  8 14 4 0 48 
U1 
ol::> Heavy Medium Sulfur 

Substituted 568  533  7 5 8  3 8  329  2 , 22 6  
Sweet Crude Backed Out 645 662 864 42 348 2 , 560 
Net Reduction in Crude 

Capability 7 7  129  106 4 19  334 

High Sulfur Crude Oil 

Light High Sulfur Substituted 591  602 808 92 246 2 , 339  
Sweet Crude Backed Out 643 634 831 101 252 2 , 461  
Net  Reduc tion in Crude  

Capability 5 2  32  2 3  9 6 1 2 2  

Heavy High Sulfur Substituted 476  3 83 569  s o  291  1 , 7 69 
Sweet Crude Backed Out 570  525  691  62  296  2 , 144 
Net Reduction in Crude 

Capability 94 142 122  1 2  5 3 7 5  

*Figures by grade o f  crude o i l  subst ituted a r e  not additive . 
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UNLEADED GASOL INE (R+M)/2 OCTANE NUMBER 

Figure 2. Unleaded Gasoline M anufacturing Capabilities 
for All U.S. Refineries. 

TABLE 22  

90 

Unleaded Gasoline Manufac tur ing Capabilities at Uniform R+M/2 Oc tane Numbers 
for all Responding Refineries 

1978 
1980 
1982 

87 
MB/D 

Maximum 
Unleaded 
Gasoline 

4 , 61 5  
5 , 927  
6 , 484 

(R+:t-f) /2 * 
Number of 
Refineries 
Repo rt ing 
Capability 

169 
178 
183 

(Aggregate MB/D)  

89 
MB/D 

Maximum 
Unlead ed 
Gasoline 

3 , 195  
4 , 018  
4 , 560 

(R+M) /2 * 
Number of 
Refineries 
Reporting 
Capability 

124  
138  
141  

*:t-iaximum at indicated oc tane number . 

5 5  

90 
MB/D 

Maximum 
Unleaded 
Gasoline 

2 , 57 3  
2 , 886 
3 , 464 

(R+M) /2 * 
Number of 
Refineries 
Repo rting 
Capabi lity 

113  
119  
122  



two-th i rd s  of the to t a l  that can prod uc e  8 7  ( R +M ) /2 g a so l i n e . Th e 
quan t i ty of 9 0  ( R +M ) /2 g aso l ine tha t  can be prod uced i s  approx i
ma t e ly 6 0  to 6 5  perc e n t  of the amo unt fo r 8 7  ( R+M ) /2 g a sol i n e . 

Tabl e  2 3  s hows the to tal unl e ad ed g a so l i n e  capab i l i ty whe n  max
i m i z i ng a p ar t ic u l ar g rad e .  I n  th i s  t ab u l a t ion the ref i n e r i e s  un
abl e  to man ufac t ure t h e  g r ad e  max imi z ed are  a s s umed to prod uce t h e  
h ig h e s t  oc tane un l e ad ed g a so l ine po s s i b l e  g iv e n  t h e i r  capab i l i t i e s . 
As the t a b l e  i l l us trates , howev e r , t ho s e  ref i n e r i e s  wh ich canno t 
m ake t h e  h ig he r  oc tane u n l e ad ed g rad e s  w i l l  i ncre a s e  the total pro
d uc t ion by l e s s  than 2 0  percen t .  The s e  d a t a  are d i s pl ayed i n  F i g
u r e  3 w h ich a l so s hows the compo s i te oc tane n umbe r of t h e  u n l e ad ed 
g a sol ine poo l . 

I t  s ho uld be u nd e r s tood that bec a u s e  the b a s i s  for t h e  d ata i n  
Tabl e 2 3  d id n o t  r e s t r ic t  the ref i ne r i e s  to maki ng a p r e sc r i bed 
rat io of unl e ad ed t6 l e ad ed g a sol ine , the data c anno t be u s ed to 
i mply t h a t  the h ig he r  vol umes of l ead ed g asol ine r e s ul t i ng from 

i ncrea s i ng un l e ad ed g aso l ine oc tane n umber are marke tab l e . Fur
the rmore , i t  appe ars tha t mos t  ref i ner i e s  answe r ed th i s  s urvey 
q ue s t ion a s s um i ng that to tal  g a so l ine v o l um e  wo u l d  be kept con
s tant . Differen t vol ume e s t ima tes wo uld und o ub t e d l y  re s ul t  if 
total g a so l ine v o l umes we re a l lowed to d ecre a s e  a nd/or if the r a t i o  
of unl e ad ed t o  l e ad ed g a sol ine were f ixed . 

The to t a l  ( un l e ad ed and l e ad ed ) g a so l ine prod uc t ion capab i l i ty 
a s  a func t ion of oc tane n umber of u n l e ad ed g ra d e  max im i ze d  i s  s hown 
for the three s urvey years in Tabl e 2 4 .  

Tabl e 2 5  char ac t e r i ze s  the l e ad ed g a so l i n e  a s soc i a ted w i th max
imi z i ng un l e ad ed g as o l ine by s pec if ic ( R+M ) /2 oc tane n um be r s . Th e 
r e s e arch oc tane n umber s  r ang ed from 9 2 . 9  to 9 3 . 4 . The l e ad co n
tent in 1 97 8  w a s  2 . 3 g rams/ gal l on ; i n  1 98 0  and 1 9 8 2  t h e  l e ad con
tent of the l e ad ed g a so l ine wa s red uc ed to a r a ng e  of 0 . 9 - 1 . 7 
g r ams/ ga l lon , a nd i n  total g a so l ine that  reduc ed to a max imum of 
0 . 5 g r ams/g a l lon . 
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TABLE 23  

Unleaded Gaso line Manufac turing Capabilities 
For S pecific Octane Numbers 

1978  1980 1982 
Unleaded Gasoline Oc tane No . Octane No . Octane No . 

Oc tane Number Unleaded Unleaded Unleaded 
(R+M) /2 MB /D Pool HB /D Pool MB /D Pool 

87 4 , 61 5  8 7 . 0  5 ,  927  8 7 . 0  6 , 484 8 7 . 0  

89 3 , 1 9 5  4 , 018  4 , 560 
87* 3 20 317  376  

Total 3 , 51 5  8 8 . 8  4 , 335  8 8 . 9  4 , 936  8 8 . 8  

90 2 , 57 3  2 , 886  3 , 464  
89* 80 255  2 85 
87* 320 3 1 7  3 7 6  

Total 2 , 973  89 . 6  3 , 458 89 . 7  4 , 125  89 . 7  

*Capabilit ies o f  refineries operat ing at maximum po s s ible octane number , which is  
lower than the  des ired level . 
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Figure 3. Unleaded Gasoline Manufacturing Capabilities-Millions of Barrels per Day. 
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Unleaded Gasoline 
Oc tane Number 
Being Maximiz ed 
(R+M) /2 

87 

89 

90 

TABLE 24 

E s t imated Total Gasoline Produc tion 
As sociated wi th Maximizi�g Certain Grades 

of Unleaded Gasoline 
(MB/D ) 

Gasoline Type 1 9 7 8  

Unleaded-87 4 , 61 5  
Lead ed-Balance* 2 , 613 
Lead ed-Otherst 37 

Total 7 , 26 5  

Unleaded-89 & 87  3 , 515  
Leaded-Balance* 3 , 67 8  
Leaded-Other s t  3 7  

To tal 7 , 230 

Unleaded-90 , 89 & 8 7  2 , 973 
Leaded-Balance* 4 , 203 
Lead ed-Otherst 37 

To tal 7 , 213  

*Refineries produc ing both unleaded and l eaded gasoline . 
t100 percent lead ed gasoline refineries . 

1980 1982  

5 , 92 7  6 , 484 
1 , 659 1 , 383 

20 22 
7 , 606 7 , 889  

4 , 335 4 , 93 6  
3 , 159 2 , 82 9  

20 2 2 
7 , 514 7 , 787  

3 , 458 4 , 12 5  
4 , 004 3 , 605 

20 2 2  
7 , 482 7 , 7 52 
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Year 

1978  

1980 

1982 

TABLE 2 5  

Charact eris tics o f  Leaded Gasoline Poo l* 
As sociated with Maximization o f  Certain Grades 

of  Unleaded Gasoline 

Leaded Gasoline 
Unleaded Gasoline Re search Octane Lead Content 

(R+M) / 2  Number (RON) ( gm/gal ) 

87  93 . 4  2 . 3  
89 93 . 3  2 . 3 
90 93 . 4  2 . 3  

87  93 . 0  1 . 5 
89 93 . 0  1 . 1  
90 93 . 0  0 . 9  

8 7  92 . 9  1 . 7 
89 92 . 9  1 . 3 
90 92 . 9  1 . 0 

Pool  
Lead Content 

( gm/gal ) 

0 . 8  
1 . 1  
1 . 3 

0 . 3  
0 . 5  
0 . 5  

0 . 3  
0 . 5  
0 . 5  

*Excluding produc t manufactured by facili t ies unable to make 87 (R+M ) / 2  unleaded 
gasoline . 



F ig ures  4 and 5 and Table 2 6  prov ide i nd i c a t ions of the r e l a
t iv ely poorer c apab i l i ty of smal l er r ef i n e r i e s  to prod uce unl e ad ed 
g a sol ine , e s pec i a l ly a t  the h igher  oc tane n umb e r s . I n  add i t ion , a 
total of 6 3  r ef i ner i e s  i nd i c a t e  no c apab i l i ty to manuf a c ture un
l e ad ed g � sol ine of 8 7  ( R+M ) /2 or h igher oc t ane n umbe r  a s  of 1 9 8 2 .  
Mo s t  of the ref i ner i e s  wh i c h  do not pl an to prod u c e  u nl e ad ed 
gasol ine are of 3 0  M B/D or sma l l er capac i ty r a ng e . 

Tabl e 2 7  s hows t h e  max imum unl e ad ed g a so l i ne manuf ac t ur i ng 
c apab i l ity a t  spe c if i ed o c tane n umber spe c if i c at i o n s  a s  a p e r c en t
ag e of to t a l  g a sol i ne for e ac h  of the PAD d i s tr ic t s . Ref i n e r i e s  i n  
PAD I V  r eport l owe r c apab i l i t i e s  t o  manuf a c t u r e  u n l eaded g rad e 
gasol i ne rel a t iv e  to the i r  to tal g a sol i ne pool s . 

TABLE 26 

Unlead ed Ga soline Manufac turing Capabilities  
at  Uni form R+M/2 Oc tane Numbers 

Rela ted to Refinery S ize  Categories 

Total 
Refinery Size @87 @89* @90* Gasoline 

Year Category , MB /D (R+M) /2 (R+M) /2 (R+M) /2 MB /D 

1980 0-1 0 36 . 5  7 . 4  1 . 6  62 
10-30 48 . 7  25 . 1  1 6 . 1  323 
30-50 69 . 7  47 . 6  40 . 6  598 
50-1 00 7 4 . 5  5 0 . 2  3 1 . 9  1 , 643 

100-1 75  78 . 0  47 . 2  33 . 8  1 , 748  
175  & Larger 8 5 . 3  62 . 1  4 5 . 9  3 , 2 15  

7 , 588 
Average Percentage 7 8 . 1  53 . 0  3 8 . 0  

1 982 0-10 47 . 4  9 . 2  1 . 8 62  
10-30 53 . 3  23 . 8  16 . 8  353 
30-50 7 4 . 5  51 . 0  4 3 . 8  620 
50-1 00 82 . 6  59 . 0  42 . 2  1 , 582 

100-1 7 5  82 . 4  53 . 2  4 0 . 7  1 , 829  
175  & Larger 87 . 9  66 . 1  50 . 5  3 , 401 

7 , 846 
Average Percentage 82 . 6  58 . 1  44 . 1  

*Does not includ e produc tion of  unlead ed gasoline manufac turers  unable 
to reach the spec ified R+M/2 . 
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Figure 4. Effect of Increased (R+M)/2 Octane Number on Percentage of Unleaded Gasoline 
Manufactured- 1 980 Total U.S. and by Refinery Size. 
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Figure 5. Effect of Increased (R+M)/2 Octane Number on Percentage of Unleaded Gasoline 

Manufactured- 1 982 Total U.S. and by Refinery Size. 
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TABLE 27  

Geographic Distribution of Unlead ed Gasoline Capabilities 
at Uniform R+M/2 Octane Numbers 

Maximum Percentage 
Unleaded Gasol ine Total 

Geographic @8 7 @8 9* @90* Gasoline 
Year Area (R+M) /2 (R+M) /2 (R+M) /2 MB /D 

1980 PAD I 86 . 2  5 2 . 8  3 5 . 2  784  
PAD II 77 . o  41 . 4  23 . 9  2 , 258  
PAD III 7 7 . 5  5 9 . 7  4 6 . 8  3 , 194  
PAD IV 60 . 9  41 . 8  32 . 6  263  
PAD v 80 . 4  5 9 . 8  44 . 9  1 , 090 

7 , 588 
Average Percentage 7 7 . 8  5 2 . 9  3 8 . 0  

1982 PAD I 8 8 . 0  57 . 3  3 9 . 7  8 1 2  
PAD II 81 . 8  46 . 0  30 . 9  2 , 270  
PAD III 83 . 0  65 . 1  5 1 . 1  3 , 359 
PAD IV 64 . 7  36 . 8  31 . 7  2 77  
PAD v 83 . 6  67 . 4  5 6 . 4  1 , 1 28  

7 , 846 
Average Percentage 82 . 6  58 . 1  44 . 1  

*Does not include product ion by unlead ed gasol ine manufac turer s unabl e 
to reach the specified R+M/2 . 

LOW S ULFUR HEAVY FUEL O I L  MANUFACTUR ING CAPAB I L I TY 

Th e f u t ur e  capab i l i ty o f  the i nd u s t ry to manu f ac t u r e  a n umbe r  
o f  g r ad e s  o f  l ow s ul f ur h e avy f ue l  o i l  i s  pre s en t ed i n  Tabl e 2 8 . 
Re f i ne r i e s  i n  PADs I I I  a nd V e xh i b i t  capab i l i ty to prod uce s u b s t an
t i a l  vol umes o f  0 . 3 and  0 . 7 w t % s u l f ur h e avy f ue l  o i l . At s u l f ur 
l ev e l s  o f  2 . 0 w t  % ,  m o s t  r e f i ne r i e s  e x h i b i t  a s i g ni f ic a n t  prod uc
t ion capab i l i ty . Al so re por ted in th i s  t ab l e  are  t h e  vol ume s  and 
s u l fur contents  of the bal ance o f  the h e avy f ue l  o i l  poo l , o th e r  
than low s u l f ur f ue l s , for t ho s e  re f i n e r i e s  i nd ic a t i ng t h e  capab i l
i ty to manu f acture one or more l ow s ul fur g rad e s . Vo l umes and s ul
f ur con tents o f  t ho s e  re f i ne r i e s  wh ich d id no t r e po r t  a capab i l i t y  
t o  prod uc e  t h e  l ow s ulfur g rad e s  o f  f u e l  o i l  are  no t i nc l ud ed i n  
th i s  table . Th i s  appl i e s  to a s ub s tan t i al par t ( ov e r 5 0  p e rcent i n  
the case o f  0 . 3 w t  % )  o f  the r e s i d u a l  fue l o i l  i n  the prod uc t  s l ate 
proj ec t ion . 
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TABLE 28 

Low Sulfur Heavy Fuel Oil Manufacturing Capabil ities 
(Normal V olume of O ther Produc t s )  

(Aggregated MB/D )  

Refinery Location Balance of Heavy Fuel Oil  
PAD PAD PAD PAD PAD Wt % 

I II III IV v Total MB /D Sulfur -- -- -- -- --

1980 --

Low Sulfur Fuel Oil Grade* 
0 . 3  wt % Sulfur Maximum 37 7 86 1 266 397 296 1 . 6 1  
0 . 7  wt % Sulfur Maximum 124 33 268 3 342 7 7 1  200 2 . 2 1 

"' 
""' 2 . 0 wt % Sulfur Maximum 193  177  498  14 560 1 , 441 56 2 . 69 

1982 --

Low Sul fur Fuel Oil Grade* 
0 . 3  wt % Sulfur Maximum 37 5 69 1 296  408 329 1 . 37 
0 . 7  wt % Sulfur Maximum 131  37  310 3 375  856  203 2 . 03 
2 . 0  wt % Sulfur Maximum 210  1 83 536 1 5  567 1 , 5 1 1  7 9  2 . 65  

*F igures by  sulfur content for low sulfur fuel oil are not addi t ive vert ically . 



Th e man u f ac t ur i ng capab i l i ty for h e avy f ue l  o i l  o f  l e s s  than 
2 . 0 w t % s ul f ur content as proj ec ted for 1 9 8 2  i s  1 , 5 1 1 M B/D . Com
pared w i th the 1 9 8 0  proj ec t ion o f  1 , 4 4 1  M B/D , t h i s  i s  not a s ig n i f
icant i ncrease . 

As s hown i n  Ta bl e 2 9 ,  l ow s ul fur f u e l  o i l  m a n u f ac tur i ng cou l d  
b e  grea tly i ncre a s ed i f  nece s s ary i n  t h e  c a s e  o f  a n a t ional eme r
g ency . Th i s  wo uld be accompl i s hed by s h i f t i ng r e f i nery y i e l d  a t  
the expense  o f  l ig h t  prod ucts , b u t  wo uld no t e n t a i l  r ed uc i ng j e t  
f ue l  and d i s t i l l at e s  more than 1 0  p ercen t . Th e s e  ad j u s tm e n t s  wo ul d 
s ubs tant i al ly i ncr e a s e  the capab i l i ty to prod uce low s ul f ur f ue l  
o i l . Fo r e x ampl e ,  0 . 3 w t % s ul fur h e avy f u e l  o i l  prod uc t i on co uld 
i ncrea s e  i n  1 9 8 0  t o  8 2 8 M B/D when prod uc t ion wa s max imi z ed . As  a 
r e s u l t ,  g as o l ine prod uc t ion wo uld �rop 3 0 5  M B/D . Th e av a i l ab i l i ty 
of f ue l  o i l  wo uld be i ncre a s ed g re a t l y  by s h i f t i ng to h ig h e r  s ul f ur 
l ev e l s . By i ncre a s i ng s u l fur content from 0 . 3  t o  0 . 7  w t  % s u l fur , 
there wo uld be an i ncrease i n  prod uct ion o f  h e avy f ue l  o i l  o f  6 9 2  
MB/D , o r  8 3 . 5 p ercen t . 

Th e red uc t ion i n  g asol ine prod uc t ion und e r  t h e s e  c i rc ums tanc e s  
ind ica te s that compan i e s  wo uld b e  forced to g re a tl y  c urta i l  
throug hpu t s  and conv ers ion l ev e l s  for catalyt ic cracke r s , h yd ro
crackers , e tc .  The vol ume o f  g a sol i n e  r ed uct ion v ar i e s  w i th th e 
vol ume o f  h e avy f ue l  o i l  wh ich , i n  t ur n , v ar i e s  w i th the s ul fur 
l ev e l  o f  the fuel o i l . For ex ampl e , to max im i z e h e avy f ue l  o i l  
prod uc t ion o f  2 , 4 83 M B/D o f  2 . 0 w t % s ul fur i n  1 9 8 0 , t h e  g as o l ine 
prod uct ion for the nat ion wo uld be r ed uc ed by 5 5 3  M B/D , o r  7 . 3 pe r
c en t . A s im i l ar r e l a t ion s h i p  i s  observed for 1 9 8 2  i n  Tabl e 3 0 .  
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TABLE 29 
1 980 

Maximum Low Sulfur Heavy Fuel Oil 
Manufac turing Capabilities and 

* Resulting Gasoline Volume Reduct ions 
( Aggregate MB/D ) 

Maximum Volume of L ow S ulfur Fuel O i l  Gradest 
0 .3 Wt % Sulfur 0 .  7 Wt % S ul fur 2 .0 Wt % Sulfur 

Re finery HFO Gasol ine HFO Gasol ine HFO Ga sol ine 
Location P roduction Reduc tion P roduction Reduct ion P roduc t ion Reduct ion 

PAD I 
MB/D 94 213 42  321  42  
Percentage§ 5 . 4  5 . 4  

PAD II 
MB/D 120 246 1 1 7  4 80 1 7 9  
P ercentage§ 5 . 2  7 . 9  

PAD III 
MB/D 187  68  529 128 882 1 82 
P ercentage§ 2 . 1  4 . 0  5 . 7  

PAD IV 
MB/D 14  10  23 10 43 23 
P ercentage§ 3 . 8  3 . 8  8 . 7  

PAD V 
MB/D 413  133  508 1 1 7  7 5 7  1 2 7  
P ercentage§ 12 . 2  10 . 7  1 1 . 7  

T otal PAD s I -V 
MB/D 828 305 1 , 520 413  2 ,4 83 553 
Percentag e§ 4 . 0  5 . 4  7 . 3 

Balance of 
Fuel Oil 446 260 70 

Wt % Sul fur 
in Balance 1 . 68 2 . 36 2 . 93 

*Reduc t ion in j e t  f uel and d i s t illate no t to exceed 1 0  percent in the event of a 
national emergency . 

tEach of the s ulfur grades were maximi zed separately and are no t add i t ive . 
§Percentage o f  gaso line produc tion pro j ec ted fo r 1 980 in each PAD . See Table 1 8 .  
VData withheld t o  protect conf identiality . Data includ ed i n  total . 
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TABLE 30 
1 982 

Maximum Low Sulfur Heavy Fuel Oil 
Manufac tur ing Capab ilities and 

* 
Resul ting Gasoline Volume Reduct ions 

( Aggregate MB/D ) 

Maximum Volume of L ow Sulfur Fuel Oil Gradest 
0 .3 Wt % Sulfur 0 .7 Wt % S ulfur 2 .0 Wt % S ulfur 

Refinery HFO Gasoline HFO Gasoline HFO Gasoline 
Location P roduc tion Reduction P roduction Reduction P roduction Reduction 

PAD I 
MB/D 99 227 42  347 42  
Percentage§ 5 . 2  5 . 2  

PAD II 
MB/D 108 246 114  4 94 1 84 
Percentage§ 5 . 0  8 . 1  

PAD III 
MB/D 175  9 568 161 1 , 003 223 
Percentage§ 2 . 9  4 . 8  6 . 6  

PAD IV 
MB/D 14  10  24 10 43 23 
P ercentag e§ 3 . 6  3 . 6  8 . 3  

PAD V 
MB/D 446 138 546 1 1 7  7 72 127  
Percentage§ 12 . 2  10 . 4  11 . 3  

T otal PAD s I -V 
MB/D 842 339 1 , 610 444 2 , 659  599  
Percentage§ 4 . 3  5 . 7  7 . 6 

Balance of 
Fuel Oil 496 340 103  

Wt % Sulfur 
in Ba lance 1 . 55 2 . 21 2 . 86 

*Reduct ion in j e t  fuel and dist illate no t to exceed 1 0  percent in the event o f  a 
nat ional emergency . 

tEach of the s ulfur grades  wer e  maximized separately and are no t add i t ive . 
§Percentage o f  gaso line produc tion pro j ec ted for 1 982 in each PAD . See Table 1 8 .  
�Data wi thheld to protect conf ident iality.  Data includ ed i n  total . 
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CHAPTER TWO 

CRUDE O I L  COSTS , REF I NERY OPERATING COSTS AND ASS ETS 

Ref i n i ng compa n i e s  reported cr ude o i l  q u al i ty a nd cos ts , ope r
a t i ng co s t s , r ef i ne ry g ro s s  f i x ed a s s e t s , a nd repl ac ement a s s e ts . 

Cr ud e  o i l  s l a t e s  for 1 97 8  w e re d ef i ned i n  t e rms of v o l um e , 
qual i t y  ( s ulf ur and g r av i t y ) , DO E reg u l a tory c l a s s if ic a t i o n  ( lowe r 
t i e r ,  uppe r t i e r , e x emp t ) ,  a nd pe rcen tag e of own ed prod uc t i on p l us 
royalty owner s '  s h are . Co s t s  for e ach cr ud e  cl a s s if ic a t ion o n  a 
before- e nt i t l ements bas i s  were a l eo repo r ted . Th e befo re
ent i tl emen t s  c r ud e  co s t s  were ad j u s ted to a ne t cr ud e  cos t  b a s i s  
u s i ng 1 97 8  DOE f ac to r s  for the ent i t l ements sys tem and hypo th e t ical 
scenar ios a s  d i scus s ed l a te r . 

Re s pond e n t s  repor t e d  1 9 7 8  to t a l  opera t i ng cos t s , i nc l ud i ng 
c ategor i e s  for fue l and purchased u t i l i t i e s , d eprec i a t ion , a nd a l l  
other cos t s . Fuel  con s umpt ion per barrel  a nd un i t  f ue l  cos t s  were 
prov ided i nc l ud ed separately i n  the fuel cos t  d ata . Re spo nd e n t s  
al so re por ted or ig i n a l  g ro s s  f ix ed a s s e t s  f o r  i nd iv i d u a l  ref i ner i e s  
a s  we l l  a s  repl acement cos t s  for tho s e  ref i n e r i e s  a s  o f  Ja nuary l ,  
1 9 7 9 .  

Re s pons e s  re pre s e n t  agg reg ate capac i ty of 1 5 , 4 4 5  M B/D o r  8 9  
p ercent of the to t a l  e s t imated capac i ty of t h e  5 0  s ta t e s  a nd Gu am .  
Res pon s e s  to some or al l e l eme n t s  of the s u rv ey were rece iv ed from 
2 0 3  ref i ner i e s , about 7 0  p e rcent of u. s. r ef i ne r i e s . Th e a t tr i t ion 
in the n umber of ref i ne r i e s  re por t i ng was pr imar i l y  in ref i ner i e s  
w i th a capac i ty b e l ow 3 0  M B/D ; o nl y  h alf of t h e  p l ants  i n  th i s  
rang e , repre s e n t i n g  6 0  percent of i t s  capac i ty , r e po r t ed Part I I  
d a ta . 

De ta i l ed d i sc u s s ions of co s t  and i nv e s tment d at a  fo l low o n  the 
bas i s  of company s i z e , loca t io n  ( PAD Di s tr ic t ) , ref i ne ry s i z e , a nd 
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r ef i nery c ompl e x i ty .  Compl e te ag g r eg a t ion of t h e  d a t a  i s  ava i l ab l e  
i n  Appe nd i x  D .  

The fol l ow i ng d i scu�s ion of cos ts i s  not i n te nd ed to be a com
pe t i t iv e  analy s i s  of the dome s t ic r ef i n ing i ndu s t ry ;  i t  i s  a pre
s e n t a t ion of ref i n e ry cos t d a ta agg rega ted from the s ur vey . Prod
uct revenue and other f actors affec t i ng compe t i t ive n e s s  are not 
i nc l uded . It  would be i nappropr i a te to  d r aw f i n a l  conc l us ions re
g a rd i ng t h e  r e l a t ive econom ics of any g roup or c l a s s  of ref i n e r i e s  
from the Part I I  s urvey d a ta alone . 

C RU DE O I L  COSTS AND QUAL I TY 

Tab l e s  3 1 , 3 2 , 3 3 , a nd 3 4  pr e s e nt crude o i l  cos t s  and q u a l i ty 
d a ta for refi n e r i e s  by compa ny s i z e , geograph ic a re a ,  and ref i n e ry 
s i z e  and compl e x i ty .  Re spo nd e n t s  we re r eq u e s ted to repo r t  t h e i r  
ac t u a l  c r ude o i l  d a ta for 1 9 7 8  by the appl ic a b l e  r e g u l a to ry c l a s
s if ic a t ions ( l owe r t i er , u ppe r t i e r , e x emp t ) wi t h  r e s pect to 
vo l ume , pr ice before e n t i tl eme n t s , AP I g r av i ty , and s ulf ur con te n t .  

Da t a  were obta i ned from 2 0 3  dome s t ic ref i n e r i e s  for one or more 
areas  of e ach section of this  par t of the s urvey . The i r  comb i ned 
throughput i n  1 9 7 8  wa s 1 2 , 9 2 4  M B/D of c r ud e  o i l , equ i val e n t  to 8 3 . 7  
perce n t  of the i r  a s soc i a ted repor ted capac i ty .  Of th i s  comb i ned 
throughp u t ,  some 21  percent wa s l owe r t i e r  and 1 9 . 9  pe rce n t  wa s 
uppe r t i e r , y i e l d i ng a tota l  of 4 0 . 8  percent pr ice-con tro l le d  o i l . 
The r ema i nd er , 5 9 . 2  perce n t ,  wa s e x empt from pr ice con tro l s , be i ng 
e i ther s tr ipper , t e r t i a ry , Nava l Pe t ro l e um Re s e rve produc t ion , o r  
impor ted . Lower t ie r  o i l ave r aged $ 5 . 9 9 p e r  b a r r e l  a n d  upper t i e r  
ave r aged $ 1 2 . 6 7 per barre l , w i th t h e  we i g h t e d  ave r ag e  cos t fo r 
con tro l l ed o i l a t  $ 9 . 2 4 per barre l . E x emp t o i l  ave r ag ed $ 1 4 . 5 2 pe r 
b a r r e l  i n  d e l i v e r ed cos t s  to the ref i ne r i e s . The  compos i te ave rage 
c r ude o i l  cos t to the ref i ner i e s  i n  the s urvey was $ 1 2 . 3 6 pe r 
barrel  e xc l u s ive of e n t i tl eme n t  effec t s . 
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TABLE 31 

1978 Cr�de Oil Costs and Quality by Company Size 

Company Size (MB/D )  
DOE 

0-10 10-30 30 -50 50-100 100 -175 175+ Total 1978 Data* 
-- -- -- --

Weight Average Complexity 1 . 49  3 . 01 4 . 78 5 . 68 7 . 21 7. 71  7 . 24 

1978 Throughput , MB/D 
Lower Tier 38 1 1 6  43 122 41 2 , 353 2 ,  713  3 , 034 
Upper Tier 50 122 80 178 77 2 , 057 2 , 565 2 , 931 
Exempt 36 219 190 345 257 6 ,599 7 , 646 9 ,747 
Total 124 457 314 644 375 1 1 , 010 1 2 , 924 1 5 , 7 12 

Volume percent 
Lower Tier 30 . 7  25 . 4  13 . 8  1 8 . 9  10 . 9  21 . 4  21 . 0  1 9 . 3  
Upper Tier 4 0 . 3  2 6 . 7  2 5 . 6  2 7 . 6  2 0 . 6  1 8 . 7  1 9 . 8  1 8 . 7  
Exempt 2 9 . 0  47 . 9  60 . 0  53 . 6  6 8 . 5  59 . 9  59 . 2  62 . 0  

-..J Co st , $ /barrel 
f-' Lower Tier 5 . 95 6 . 1 6  5 . 89 6 . 02 6 . 20 5 . 98 5 . 99  5 . 90 

Upper Tier 12 . 71 12 . 38 1 2 . 65 13 . 22 1 2 . 86 12 . 63 1 2 . 67 12 . 61 
Exempt 1 3 .49  1 4 . 61 14 . 86 1 5 . 12 1 4 . 7 1 1 4 .48  1 4 . 52 14 . 3 9  
Average before Entitlements 10 . 88 1 1 . 87 1 3 . 06 12 . 88 13 . 40 12 . 31 12 . 36 1 2 . 42 
After Entitlements ( without 

small refiner bias) 12 . 30 1 2 . 66 1 2 . 87 13 . 16 12 . 92 1 2 . 65 1 2 . 69 
After Entitlements ( with small 

refiner biast 10 . 53 1 1 . 50 12 . 22 1 2 . 99 1 2 . 94 12 . 78 1 2 . 7 1  

API Gravity 
Lower Tier 2 7 . 7  3 0 . 3  3 1 . 8  3 4 . 5  3 5 . 4  3 5 . 4  3 4 . 8  
Upper Tier 36 . 6  32 . 6  43 . 9  38 . 0  36 . 6  36 . 0  36 . 3  
Exempt 2 5 . 6  34 . 4  3 6 . 9  3 6 . 7  35 . 1  34 . 1  3 4 . 4  
Average 30 . 7  32 . 8  38 . 0  36 . 6  35 . 5  34 . 7  34 . 8  

Wt . % Sulfur 
Lower Tier 0 . 73 1 . 11  0 . 81 1 . 13 0 . 94 0 . 7 5  0 . 80 
Upper Tier 0 . 47 1 . 01 0 . 60 0 . 58 1 . 05 0 . 78 o. 77 
Exempt 1 . 27 0 . 71 0 . 80 0 . 46 o .  92 0 . 89 0 . 86 
Average 0 . 79 0 . 90 0 . 75 0 . 62 0 . 95 0 . 84 0 . 83 

Owner Produc tion, plus Royalty 
Owners '  Share , percent 1 1 . 2  9 . 0  1 1 . 4  9 . 2  7 . 9 4 4 . 5  3 7 . 7  
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TABLE 31 ( continued) 

Company S ize (MB/D) 
DOE 

0-10 10-30 30-50 50-100 100-175 175+ Total 1978 Data* 
---

Respondents '  Crude Charge 
Capacity, MB/D 174 631 424 765 670 12 , 782 15 , 445 

Respondents ' Number of Refineries 29 38 11  19 8 98 203 

Respondents '  Number of CompanieP 28 30 11  11  5 18  103 

Non-Respondents 
Crude Charge Capacity , MB/D 174 380 88 140 247 840 1 , 869 
Number of Refineries 40 22 5 2 2 13  84  
Number of Companies 12  8 3 1 2 4 30 

*Data from Department of Energy for u . s  Refineries , Virgin Islands , Puerto Rico , Guam , Free Trade Zone , and Strategic Petroleum 
Reserve . 

tEased on company size as actually administered . 
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TABLE 32 

1978 Crude Oil Costs and Quality by Refinery Location 

Refinery Location 

PAD I PAD II  PAD III  PAD IV 

Weight Average Complexity 7 . 08 7 . 14 7 . 38 5 . 16 

1978 Throughput , MB/D 
Lower Tier 104 736 1 , 309 159 
Upper Tier 108 728 1 , 286 166  
Exempt 1 ,436 1 ,675 2 , 959 106 
Total 1 , 647 3 , 139 5 , 554 432 

Volume percentage 
Lower Tier 6 . 3  23 . 5  23 . 6  36 . 8  
Upper Tier 6 . 6  2 3 . 2  2 3 . 1  3 8 . 4  
Exempt 87 . 2  53 . 4  53 . 3  24 . 5  

Cost , $/barrel 
Lower Tier 6 . 30 6 . 1 5 5 . 97 6 . 19 
Upper Tier 13 . 03 12 . 96 12 . 64 1 3 . 01 
Exempt 1 4 . 63 1 5 . 02 1 4 . 59 1 5 . 38 
Average before Entitlements 14 . 00 1 2 . 46 12 . 1 1 1 1 . 08 
After Entitlements ( without 

small refiner bias) 1 2 . 90 13 . 04 1 2 . 69 1 3 . 00 
After Entitlements ( with 

small refiner biast) 1 2 . 96 13 . 01 12 . 77 1 2 . 43 

Own Produc tion , plus Royalty 
Owners '  Share , percentage 1 6 . 8 32 . 1  4 2 . 2  4 1 . 8  

Crude Charge 
Capacity , MB/D 1 , 857 3 ,  718  6 , 54 9  5 1 6  

Percentage of Total 
Capacity§ 9 9 . 3  8 8 . 4  8 6 . 6  87 . 5  

Number o f  Refineries 26 53 65 20 

PAD V 

7 . 52 

405 
277 

1 ,470 
2 , 1 52 

1 8 . 8  
1 2 . 9  
68 . 3  

5 . 61 
1 1 . 68 
1 3 . 66 
1 1 . 89 

1 1 . 93 

1 1 . 88 

51 . 7  

2 , 806 

91 .0  

39  

Total 

7 . 24 

2,  713  
2 , 565 
7 , 646 

1 2 , 924 

21 . 0  
1 9 . 8  
59 . 2  

5 . 99 
1 2 . 67 
1 4 . 52 
12 . 36 

12 . 69 

12 . 69 

3 7 . 7  

15 , 445  

8 9 . 2  

203 

DOE 
1978 Data* 

3 , 034 
2 , 981 
9 , 747 

1 5 , 712 

1 9 . 3  
1 8 . 7  
62 . 0  

5 . 90 
1 2 . 61 
1 4 . 3 9  
12 . 42 

*Data from Depar tment of Energy for U . S Refineries , Virgin Island s ,  Puerto Rico , Guam , Free Trade Zone , and Strateg ic 
Petroleum Reserve . 

tEntitlements calculated on the hypo thetical basis that each refinery , regardless of size , was treated as a separate company . 
§Part I I  respondent total divided by u . s .  total for the respective districts . 



TABLE 33 

1 9 7 8  C rude Oil  Costs and Quality by Refinery S i z e  

Refinery S ize ( ME /D ) /C omplexity 
DOE* 

0-10 10-30 30-50 50-100 100-17 5 1 7 5+ 1 9 7 8  
<2 . 5  )2 . 5  All <2 . 5  )2 . 5  All <2 . 5  )2 . 5  All ----;m- All All Total Data --

Weight Average Complexity 1 .  31 5 . 1 8 2 . 21 1 . 41 5 . 29 3 . 4 5  1 . 3 1 5 . 91 5 . 38 7 . 7 8 8 . 46 7 . 57 7 . 24 

1 978  Throughput MB/D 
Lower Tier 41 5 46  6 9  1 2 1  1 9 0  14 301 3 1 5  4 7 1  3 6 1  1 , 33 1  2 ,  7 1 3  3 , 03 4  
Upper Tier 50 1 5  6 5  7 6  120 196 24 305 329 430 345 1 , 200 2 , 565  2 , 981 
Exempt 4 2  2 5  6 7  1 7 7  1 8 4  3 6 1  74  363 437  1 , 309 1 , 652  3 , 8 1 9  7 , 646 9 , 747  
To tal 1 3 3  45 1 7 8  3 2 1  426 747 1 1 2  9 6 9  1 , 081 2 , 210 2 , 358 6 , 350 1 2 , 924 1 5 , 7 12  

Volume percentage 
Lower Tier 3 0 . 8  1 1 . 1  2 5 . 8  2 1 . 5  2 8 . 4  2 5 . 4  1 2 . 5  31 . 1  2 9 . 1  2 1 . 3  1 5 . 3  2 1 . 0  2 1 . 0  1 9 . 3  
Upper Tier 3 7 . 6  33 . 3  36 . 5  23 . 7  28 . 2  26 . 2  21 . 4  31 . 5  30 . 4  19 . 5  14 . 6  1 8 . 9  19 . 9  1 8 . 7  
Exempt 3 1 . 6  5 5 . 6  3 7 . 6  5 5 . 1  4 3 . 2  4 8 . 3  6 6 . 1  3 7 . 5  4 0 . 4  5 9 . 2  7 0 . 1  60 . 1  5 9 . 2  62 . 0  

--.] Cos t ,  $ /barrel ""' 
Lower Tier 5 . 88 5 . 74  5 . 87 5 . 67 6 . 28 6 . 06 5 . 92 5 . 95 5 . 95 6 . 08 6 . 04 5 . 95 5 . 99 5 . 90 
Upper Tier 1 2 . 64 1 3 . 2 0  1 2 . 7 7  1 1 . 96 1 2 . 91 1 2 . 54 1 2 . 91 1 2 . 84 1 2 . 85 1 2 . 83 1 2 . 54 1 2 . 62 1 2 . 6 7 p . 61 
Exempt 1 3 . 9 5 1 5 . 67 14 . 60 14 . 03 14 . 83 14 . 44 14 . 1 8 14 . 90 14 . 7 8  14 . 74 14 . 42 14 . 47 14 . 52 12 . 3 9 
Average before Ent itlements 1 0 . 96 1 3 . 7 8  1 1 . 68 1 1 . 7 6  1 1 . 85 1 1 . 81 1 2 . 88 1 1 . 4 7  1 1 . 62 1 2 . 52 1 2 . 86 1 2 . 34 1 2 . 36 1 2 . 4 2 
Af t er Ent i tlements ( wi thout 

small refiner bias) 1 1 . 91 1 3 . 55 1 2 . 67 1 2 . 1 7 1 2 . 91 1 2 . 5 9 1 2 . 54 1 2 . 81 1 2 . 7 8  1 2 . 86 1 2 . 63 1 2 . 64 1 2 . 69 § 
Af ter Entitlements ( wi th 

small refiner bias t ) 1 0 . 7 0 1 1 . 8 6  1 0 . 9 9 1 1 . 00 1 1 . 90 1 1 . 51 1 1 . 94 1 2 . 4 3  1 2 . 3 8  1 2 . 84 1 2 . 7 5  1 2 . 85 1 2 . 69 

Own Produc t ion plus Ro yalty 
Owner s '  Share , percentage 1 2 . 4  1 1 . 8  1 2 . 2  22 . 1  28 . 1  25 . 5  o . o  36 . 1  32 . 1  30 . 8  31 . 4  49 . 6  37 . 7  

Crud e  Charge 
Capaci t y ,  MB/D 188 57 245 4 7 0  5 2 0  990 1 5 6  1 , 1 96 1 , 3 52  2 , 407 3 , 084 7 , 36 7  1 5 , 445 

Percentage of Total Capacity� ) 5 5 . 3  6 9 . 0  9 3 . 0  7 9 . 9  8 5 . 6  100 8 9 . 2  

Number o f  Refineries 32 9 4 1  24  2 5  4 9  4 27 31  34 24 24  203 

*Data from Department o f  Energy for U . S .  Re fineries ,  Virgin Island s ,  Puerto Rico , Free Trade Zone , Guam , and S trategic 
Petroleum Rese rve . 

tEntitlements calculated on the hypo the t ical basis that each refinery , regardless of size , was treated as a separate company . 
§These f igures should be the same ; dif ference due to the fact that not all u . s .  re fineries responded to the survey . 
�art II respondent to tal d ivided by u . s .  to tals for the respective s i ze ranges . 
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Weight Average Complexity 

1978 Throughput , MB/D 
Lower Tier 
Upper Tier 
Exempt 
Total 

Volume percentage 
Lower Tier 
Upper Tier 
Exempt 

Cost , $/barrel 
Lower Tier 
Upper Tier 
Exempt 
Average before Entitlements 
After Entitlement s (without 

small refiner bias) 
After Entitlement s (with small 

refiner bias t) 

Owner Production , plus Royalty 
Owner s '  Share , percentage 

Crude Charge 
Capacity, MB/D 

Percentage of To tal Capacity§ 

Number of Refineries 

TABLE 34 

1978 Crude Oil Costs and Quality by Refinery Complexity 

1 -3 

1 . 60 

153 
185 
376 
714 

21 . 4  
2 5 . 9  
52 . 7  

5 . 81 
12 . 51 
1 4 . 21 
1 1 . 97 

1 2 . 41 

1 1 .41  

1 2 . 4  

988 

75 . 5  

66 

3 -5 

4 . 37 

196  
280 
469 
945 

20 . 7  
2 9 . 6  
49 . 6  

6 . 28 
1 2 . 84 
1 4 . 7 8 
12 . 44 

12 . 89 

1 2 . 55 

2 6 . 8  

1 , 186 

81 . 3  

30 

Complexity 

5-7 

6 . 1 1  

865 
894 

2 ,495 
4 , 254 

20 . 3  
2 1 . 0  
58 . 7  

6 . 04 
12 . 79 
1 4 . 68 
12 . 53 

1 2 . 82 

1 2 . 86 

4 2 . 3  

5 , 215  

96 . 9  

47 

7 -9 

7 . 80 

1 , 025 
819 

2 ,845 
4 , 689 

21 . 9  
1 7 . 5 
60 . 7  

5 . 98 
12 . 63 
1 4 .49 
1 2 . 31 

1 2 . 66 

12 . 80 

43 . 1  

5 , 285 

88 . 7  

36 

9 -1 1  

1 0 . 04 

303 
227 
724 

1 , 254 

24 . 2  
1 8 . 1  
57 . 7  

5 . 81 
12 . 42 
1 4 . 53 
1 2 . 04 

1 2 . 60 

12 . 70 

3 3 . 9  

1 , 487 

100 

13 

11+ 

1 3 . 28 

172 
1 60 
737 

1 , 069 

16 . 1 
1 5 . 0  
68 . 9  

5 . 93 
1 2 . 45 
1 4 . 08 
12 . 53 

1 2 . 38 

1 2 . 45 

34 . 1  

1 , 285 

100 

11 

Total 

7 . 24 

2 ,  713 
2 , 565 
7 ,646 

1 2 , 924 

21 . 0  
1 9 . 9  
59 . 2  

5 . 99 
12 . 67 
1 4 . 52 
1 2 . 36 

12 . 69 

1 2 . 69 

3 7 . 7  

1 5 , 445 

91 . 5  

203 

DOE 
1978 Data* 

3 , 034 
2 , 93 1  
9 ,747 

1 5 , 712 

1 9 . 5  
1 8 . 7  
62 . 0  

5 . 90 
1 2 . 61 
1 4 . 3 9  
1 2 . 42 

*Data from Department of Energy for U . S  Refineries , Virgin Island s ,  Puerto Rico , Free Trade Zone , Guam , and Strategic 
Petroleum Reserve . 

tEntitlements calculated on the hypo thetical basis that each refinery , regardless of size , was treated as a separate company . 
§Part II respondent total s d ivided by Part I totals for the respective complexity ranges .  



Fewe r r e f i ne r i e s  ( 1 6 3 , w i th a to tal throug hpu t  c apac i ty o f  
1 0 , 4 5 5  M B/D o f  cr ud e  o i l )  prov id ed comp l e t e  d a t a  for a l l  par t s  o f  
t h e  s ur v ey d ea l ing w i th crud e  o i l  co s t s  and qua l i ty ;  t he i r  
agg r e g a t ed d a t a  are pre s en ted i n  Tab l e s  3 5 , 3 6 ,  3 7 ,  a n d  3 8 . Th e 
compo s i t ion , q ua l i ty ,  a nd co s t  o f  c r ud e  o i l  by r e g u l atory c l as s i f i
cat ion ( lower t i e r , upper t i e r , and ex emp t )  for th i s  sma l l e r  g roup 
of respo nd en t s  d id not d i f fer marked l y  f rom tha t  o b ta i ned f rom the 
a foreme n t ioned 2 0 3  re f i ners who respond ed to one o r  more par t s  o f  
th i s  s ec t i on . 

C rude O i l  C o s t  

Facto r s  a f f ec t ing c r ud e  o i l  co s t s  i nc l ud ed c r ud e  o i l  s l at e  com
pos i t ion c l as s i f ic a t ion s ( lower t i e r , uppe r t i e r , e x emp t ) , q ual i ty , 
l oca t ion , a nd ent i t l emen t s  reg u l a t ions . 

Th e n e t  co s t  o f  c r ud e  o i l  to r e f i ne r i e s  w a s  a f f ec ted i n  1 9 7 8  by 
various  federal prog r ams admi n i s tered on a company b a s i s  r a t h e r 
than on an i nd iv i d u a l  r e f i nery b as i s . u . s .  De pa r tment o f  Energy 
en t i tl emen t  progr am f ac tors for 1 9 7 8  [ d ome s t ic o i l s upply r a t i o  
( DOS R ) , d eemed o i l  o i l  r a t i o  ( DOOR ) , e tc . ] we re app l ied t o  the 
agg r e g a t ed d ata s uppl i ed by the respond ent r e f i ne r i e s  to d e t e rm i n e  
the e f f ec ts o f  t h e  e n t i t l ements and smal l  r e f i n e r  b ia s  prog r ams o n  
crude o i l  cos t s  by company s i ze .  Tab l e  3 1  d i s pl ay s  t h e  cr ud e  o i l  
cos ts on three b a s e s  a g g reg a ted i n  e ach c a s e  by company s i z e  r ang e : 
( 1 )  be fore en t i tl emen t s , ( 2 )  a f ter e n t i tl emen t s  b u t  be fore sma l l 
re f i ner b i a s , a nd ( 3 ) a f te r  ent i t l emen t s  and sma l l  r e f i ne r  b ia s . 
Th i s  in forma t ion i s  a l so pre s e n ted i n  the form o f  a g raph i n  
F i gure 6 .  

Un der the De pa r tment o f  En ergy prog ram a s  ac t u a l ly adm i n i s tered 
in 1 9 7 8 ,  ne t cr ude o i l  cos t  rang ed from $ 1 0 . 5 3  per barrel  for com
pan i e s  o f  l es s  than 1 0  M B/D c apac i ty to a max imum o f  $ 1 2 . 9 9  p e r  
barrel for compan i e s  h av i ng s y s t em capac i t i e s  i n  t h e  rang e  o f  
5 0 - 1 0 0  M B/D . Ge ne r a l ly ,  smal l er compan i e s  e xper i e nced lowe r n e t  
crude o i l  cos t s . Al t ho ugh Depar tmen t  of  Ene rgy prog r ams con tr ib u t e d  
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TABLE 35 

1978  Crude Oil Cos t s  and Quality by Company Size 
( Complete Reports  Only) * 

Company S ize  ( MB /D )  
0-10 10-30 30-50 50-100 100-175  1 7 5+ Total  

-- --

Weight Average Complexity 1 . 51  3 . 07 4 . 78 5 . 68 7 . 15  7 . 86 7 . 15  
1 97 8  Throughput , MB/D 
Lower Tier 38  115  44 122  41  1 , 458  1 , 81 6  
Upper Tier 46 120 80 177  7 7  1 , 314 1 , 81 6  
Exempt 36  197  1 90 345 247 4 , 453 5 , 468  
Total 120 432 314  644 36 5 7 , 225  9 , 100 

Volume Percentage 
Lower Tier 3 1 . 7  2 6 . 6  14 . 0  1 8 . 9  1 1 . 2  20 . 2  2 0 . 0  
Upper Tier 38 . 3  27 . 8  25 . 5  27 . 5  2 1 . 1  1 8 . 2  20 . 0  

-...] Exempt 3 0 . 0  4 5 . 6  60 . 5  53 . 6  6 7 . 7  6 1 . 6  6 0 . 0  
-...] 

Cost , $ / Bbl 
Lower Tier 5 . 95 6 . 1 6 5 . 90 6 . 02 6 . 20 6 . 01 6 . 02 
Upper Tier 12 . 59 12 . 37 1 2 . 66 1 3 . 22 1 2 . 86 12 . 7 6 12 . 7 7  
Exempt 13 . 47 14 . 64 14 . 86 15 . 13 14 . 7 6  14 . 59 14 . 63 
Average Before 

Entitlements  10 . 72 1 1 . 7 5 13 . 06 12 . 88 1 3 . 42 12 . 52 12 . 54 
After Enti tlements 

(Without Small 
Refiner Bias)  1 2 . 19 12 . 6 8  1 2 . 87 1 3 . 1 6 1 2 . 95 1 2 . 7 5  1 2 . 7 8  

Af ter Entitlements  
(With Small 
Refiner Bias t ) 10 . 43 1 1 . 49 12 . 22 12 . 99 13 . 02 12 . 88 12 . 77 

API Gravity 
Lower Tier 27 . 6  30 . 3  31 . 9  34 . 5  35 . 4  35 . 4  34 . 8  
Upper Tier 3 5 . 4  32 . 6  43 . 9  37 . 9  3 6 . 6  3 6 . 0  36 . 3  
Exempt 25 . 4  34 . 6  36 . 9  36 . 7  35 . 0  34 . 1  34 . 4  
Average 3 0 . 0  32 . 9  3 8 . 0  3 6 . 6  3 5 . 4  34 . 7  3 4 . 8  
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TABLE 35  ( continued ) 

Company Size  ( MB /D )  
0-10 10-30 30-50 50�100 100-175  1 7 5+ 

--

Wt % Sulfur 
Lower Tier 0 . 73 1 . 11 0 . 81  1 . 13 0 . 94 0 . 7 5  
Upper Tier 0 . 47 1 . 02 0 . 60 0 . 58 1 . 05 0 . 78 
Exempt 1 . 27  o .  72  0 . 80 0 . 46 0 . 92 0 . 90 
Average 0 . 79 0 . 91 0 . 7 5  0 . 62 0 . 95 0 . 85 

Crude Charge Capacity , 
MB/D 168  6 1 1  424 740 426  8 , 062 

Number of Refineries 27 37 11  19  6 63 

Number of Companies 26 29 1 1  1 1  3 1 5  

*Data for companies that furnished complete information o n  crude o i l  costs  and quality . 
tBased on company size  as actually administered . 

Total 

0 . 80 
o .  7 7  
0 . 86 
0 . 83 

10 , 45 5  

163  
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TABLE 36 

1978 Crude Oil  Costs and Quality by Ref inery Locat ion 
( Complete Reports Only) * 

Refinery Locat ion 
PAD PAD PAD PAD PAD 

I I I  I I I  IV v Total 
- -- -- --

Weight Average Complexity 7 . 33 7 . 04 7 . 35 5 . 01 7 . 24 7 . 1 5 

1 978  Throughput ,  MB/D 
Lower Tier 72  541  875  1 2 9  1 9 9  1 , 81 6  
Upper Tier 86  575  916  143  97  1 , 8 1 6  
Exempt 1 , 223 1 , 1 87 2 , 1 5 1  96  810 5 , 468 
Total 1 , 381 2 , 303 3 , 942  368 1 , 106 9 , 100 

Vo lume percentage 
Lower Tier 5 . 2  23 . 5  22 . 2  3 5 . 0  1 8 . 0  20 . 0  
Upper Tier 6 . 2  25 . 0  23 . 2  38 . 9  8 . 8  20 . 0  
Exempt 8 8 . 6  5 1 . 5  54 . 6  2 6 . 1  7 3 . 2  60 . 0  

-.1 
\.0 

Cost , $ /barrel 
Lower Tier 6 . 29 6 . 20 5 . 98 6 . 2 1  5 . 5 2 6 . 02 
Upper Tier 1 3 . 02 1 3 . 07 1 2 . 72 1 3 . 06 1 0 . 91 1 2 . 7 7 
Exempt 14 . 7 5  1 5 . 1 5  14 . 63 1 5 . 48 13 . 62 14 . 63 
Average before Entitlements 1 4 . 20 1 2 . 53 1 2 . 2 6  1 1 . 30 1 1 . 92 1 2 . 54 
Af ter Entitlements ( wi thout 

small refiner bias) 1 3 . 00 1 3 . 14 1 2 . 73 1 3 . 09 1 1 . 83 12 . 78 
Af ter Entitlements ( wi th small  

refiner biast ) 1 3 . 04 1 3 . 08 1 2 . 7 9 1 2 . 50 1 1 . 64 1 2 . 7 5  

AP I  Gravity 
Lower Tier 33 . 8  36 . 5  36 . 1  32 . 9  26 . 1  34 . 8  
Upper Tier 3 5 . 0  3 7 . 4  3 6 . 9  35 . 7  2 6 . 3  3 6 . 3  
Exempt 34 . 3  36 . 3  34 . 9  37 . 9  29 . 8  34 . 4  
Average 34 . 3  3 6 . 6  3 5 . 6  3 5 . 3  2 8 . 8  34 . 8  

W t  % Sulfur 
Lower Tier 0 . 89 0 . 68 0 . 7 3  1 . 32 1 . 07 0 . 80 
Upper Tier 0 . 85 0 . 65 0 . 80 0 . 93 1 . 01 o. 77 
Exempt 0 . 80 0 . 80 0 . 93 0 . 64 0 . 89 0 . 86 
Average 0 . 81 0 . 7 3  0 . 86  0 . 99 0 . 93 0 . 83 
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TABLE 36 ( cont inued ) 

Refinery Locat ion 
PAD PAD PAD PAD PAD 

I I I  III IV v Total 
-- -- -- -

Crud e  Charge Capacity,  MB/D 1 , 548  2 , 574  4 , 538  450  1 , 346 1 0 , 455  

Percentage of Total Capacity§ 82 . 7  61 . 2  60 . 0  7 6 . 3  43 . 7  60 . 4  

Number o f  Re fineries 23 43 51 18 28 1 6 3  

*Data from c ompanies  that furnished complete informat ion o n  crude oil  costs and qual ity . 
tEntitlement s calculated on the hypo thet ical basis that each refinery , regardless of  size , was treated as a separate 

company . 
§Part II respondent totals d ivided by U . S .  to tals for the respective d is tricts . 
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TABLE 37 

1 9 7 8  Crude O i l  Costs and Qual ity by Refinery Size 
(Complete Reports Only )* 

Ref inery S ize ( ME / D ) /Complexity 
0-10 10-30 30-50 

(2 . 5  >2 . 5  A l l  (2 . 5  )2 . 5  All (2 . 5  )2 . 5  

Weight Average Complexity 1 . 3 2  5 . 1 8 2 . 25 1 . 3 9  5 . 1 1  3 . 35 1 . 3 1 5 . 98 

1 9 7 8  Throughput , MB/D 

Lower Tier 41 5 46 62 9 2  1 5 5  1 4  2 0 5  

Upper Tier 46 1 5  61 7 0  101 1 7 1  2 4  234 

Exempt 4 2  25 6 7  1 4 1  1 5 5  2 9 6  74 307 

Total 129 45 ill 2 7 3  348 ill TIT 746 
Vo lume Percentage 

Lower Tier 3 1 . 8  1 1 . 1  · 2 6 . 4  2 2 . 7  2 6 . 4  2 5 . 0  1 2 . 5  2 7 . 5  

Upper Tier 35 . 7  33 . 3  35 . 1  25 . 6  29 . 0  27 . 5  21 . 4  3 1 . 4  

Exempt 3 2 . 5  5 5 . 6  3 8 . 5  5 1 . 7  4 4 . 6  4 7 . 7  6 6 . 1  4 1 . 1  

Cos t ,  $ / Bbl 

Lower Tier 5 . 8 8  5 . 74 5 . 87 5 . 64 6 . 42 6 . 1 0 5 . 92 5 . 92 

Upper Tier 12 . 5 2  13 . 20 1 2 . 69 1 1 . 91 13 . 03 12 . 58 1 2 . 9 1 1 2 . 8 5 

Exempt 1 3 . 94 1 5 . 6 7  1 4 . 60 1 4 . 1 6 1 4 . 82 1 4 . 5 1 1 4 . 18 1 5 . 1 7  

Average before 
Entitlements 1 0 . 87 1 3 . 7 8  1 1 . 6 3  1 1 . 65 1 2 .07 1 1 . 8 8  1 2 . 8 8  1 1 . 91 

After Entitle-
ments (without 
small refiner bias) 1 2 . 27 13 . 55 1 2 . 61 12 . 2 1  12 . 99 12 . 6 5  1 2 . 54 13 . 1 5  

After Entitle-
ments ( with small 
refiner biast) 1 0 . 6 1  1 1 . 8 6  1 0 . 93 1 1 . 0 3  1 1 . 97 1 1 . 35 1 1 . 94 1 2 . 50 

API Gravity 

Lower Tier 2 5 . 5  4 1 . 2  2 7 . 2  2 3 . 7  3 6 . 4  3 1 . 3  3 3 . 6  3 4 . 2  

Upper Tier 33 . 6  40 . 7  35 . 3  31 . 1  37 . 4  34 . 9  3 8 . 7  38 . 8  

Exempt 2 7 . 7  3 7 . 1  3 1 . 3  3 0 . 1  3 6 . 6  3 3 . 5  3 6 . 4  3 6 . 3  

Average 2 9 . 1  38 . 7  3 1 . 6  28 . 9  36 . 8  33 . 3  3 7 . 3  3 6 . 5  

W t  % Sulfur 

Lower Tier 1 . 1 1 0 . 36 1 . 03 1 . 4 5  o .  7 7  1 . 04 0 . 1 9  0 . 7 8 

Upper Tier o. 71 0 . 1 9 0 . 58 0 . 9 1 0 . 83 0 . 86 0 . 23 0 . 69 

Exempt 1 . 09 0 . 27 o .  78 1 . 20 o .  7 0  0 . 94 0 . 88 0 . 66 

Average 0 . 9 6  0 . 2 5  o .  7 8  1 . 1 8  o .  7 5  0 . 94 0 . 6 5  0 . 7 0  

Crude Charge 
Capa c i t y ,  MB/D 1 .  81 57 2 3 8  402 444 846 156 945 

Percentage o f  
Total Capacity§ 5 3 . 7  5 9 . 0  

Number o f  Refineries 30 9 3 9  21 2 1  42 4 22 

*Data from r e f inery companies that reported complete data on crude o i l . 

50-100 100 1 7 5  1 7 5+ 

All ----;;;u ----;;;rr- All 

5 . 3 2  7 . 7 4  8 . 82 7 . 6 5  

2 1 9  3 5 3  2 5 6  7 8 7  

258 334 242 7 5 1  

381 1 , 008 1 , 1 5 3  2 , 56 2  

8 5 8  1 , 6 95 1 , 6 51 4 , 100 

2 5 . 5  2 0 . 8  1 5 . 5  1 9 . 2  

30 . 0  1 9 . 7  14 . 7  1 8 . 3  

4 5 . 5  5 9 . 5  6 9 . 8  6 2 . 5  

5 . 92 6 . 1 1  6 . 1 8 5 . 96 

1 2 . 89 1 2 . 99 12 . 7 2  1 2 . 7 1  

14 . 96 1 4 . 82 1 4 . 43 1 4 . 61 

1 2 . 0 3  1 2 . 7 8 1 2 . 90 1 2 . 60 

13 . 07 12 . 7 8 1 2 . 69 1 2 . 7 5  

1 2 . 4 3  1 2 . 94 1 2 . 82 1 2 . 96 

34 . 4  3 6 . 1  3 4 . 8  3 5 . 4  

38 . 7  37 . 9  36 . 7  3 5 . 1  

3 6 . 3  3 5 . 7  3 2 . 6  3 4 . 5  

36 . 6  36 . 2  33 . 6  34 . 8  

0 . 7 4 o .  7 3  0 . 83 0 . 7 9 

0 . 64 0 . 56 0 . 87 0 . 87 

0 . 7 0 0 . 64 0 . 9 6 0 . 9 3  

0 . 69 0 . 64 0 . 92 0 . 89 

1 , 1 3 1  1 , 800 1 , 908 4 , 56 1  

7 7 . 8  5 8 . 8  5 2 . 9  6 1 . 9  

2 6  2 6  1 5  1 5  

tEnti tlements calculated o n  the hypo thet ical basis that each refinery , regardless o f  size , was treated a s  a separate company . 
§Part II res pondent totals divided by u . s .  t o tals for the respective s ize ranges . 

Total 

7 . 1 5 

1 , 8 16  

1 , 81 6  

5 , 46 8  

9 , 100 

2 0 . 0  

20 . 0  

6 0 . 0  

6 . 0 2  

12 . 7 7 

1 4 . 6 3  

1 2 . 54 

12 . 7 8 

1 2 . 7 5 

3 4 . 8  

3 6 . 3  

3 4 . 4  

34 . 8  

0 . 80 

o .  77 

0 . 86 

0 . 83 

10 . 4 5 5  

6 0 . 4  

1 6 3  



TABLE 38  

1978  Crude Oil  Costs  and Quality By Refinery Complexity 
( Complete Report s  Only) * 

Complexity 
1-3 3-5 5-7 7-9 9-11 1 1+ Total 

- -- -- -- --

Weight Average Complexity 1 . 49  4 . 36 6 . 16  7 . 82 9 . 94 1 3 . 54 7 . 1 5  

Volume , MB/D 
Lower Tier 122  220 5 1 8  627  202 128  1 , 81 6  
Upper Tier 148  307  617  486  138 120 1 , 81 6  
Exempt 334 4 7 5  1 , 628  1 , 909 474 647 5 , 468  
Total 604 1 , 002  2 , 7 64 3 , 022  814  895  9 , 100 

Volume percentage 
Lower Tier 20 . 2  22 . 0  1 8 . 7 20 . 7  24 . 8  14 . 3  20 . 0  00 Upper Tier 2 4 . 5  3 0 . 7  22 . 3  1 6 . 1  1 7 . 0 13 . 4  2 0 . 0 N 
Exempt 55 . 3  47 . 3  58 . 9  63 . 2  58 . 2  72 . 3  60 . 0  

Co s t ,  $ /barrel 
Lower Tier 5 . 80 6 . 24 6 . 11 5 . 98  5 . 80 6 . 10 6 . 02 
Upper Tier 12 . 33 12 . 87 12 . 98 12 . 68 12 . 44 12 . 70 12 . 7 7 
Exempt 14 . 2 7  1 4 . 78 1 4 . 92 14 . 64 14 . 35 14 . 1 9  1 4 . 63 
Average before Entitlements 12 . 07 12 . 32 12 . 83 12 . 53 11 . 91 12 . 83 12 . 54 
After Enti tlement s ( without 

small  refiner bias) 13 . 62 12 . 1 7 13 . 01 12 . 7 7  12 . 49 12 . 49 12 . 7 8  
After Enti tlements ( wi th small 

refiner biast ) 11 . 45 12 . 54 13 . 07 12 . 89 12 . 57 12 . 59 12 . 7 5  

API Gravity 
Lower Tier 2 6 . 9  3 5 . 6  34 . 9  36 . 5  32 . 4  3 6 . 3  34 . 8  
Upper Tier 34 . 5  3 9 . 8  3 5 . 8  36 . 6  33 . 3  3 5 . 5  36 . 3  
Exempt 3 2 . 2  3 5 . 7  3 5 . 0  34 . 9  33 . 2  32 . 1  34 . 4  
Average 3 1 . 4  36 . 9  35 . 2  3 5 . 5  33 . 0  33 . 2  34 . 8  



00 
w 

TABLE 3 8  ( continued )  

Complexity 
1-3 3-5 5-7 7-9 9-1 1 1 1+ Total 

-- -- -- -

Wt % Sulfur 
Lower Tier 1 . 1 5  0 . 74 0 . 99 0 . 65 0 . 84 0 . 54 0 . 80 
Upper Tier o .  71  0 . 63 0 . 92 0 . 7 3 0 . 7 5  0 . 67 o .  7 7  
Exempt 0 . 96 0 . 79 0 . 90 0 . 78 0 . 93 0 . 98 0 . 86  
Average 0 . 94 0 . 73 0 . 92 0 . 7 4 0 . 88 0 . 88 0 . 83 

Crude Charge 
Capacity , MB/D 841 1 , 258  3 , 072  3 , 359  864  1 , 061 1 0 , 455  

Percentage of  Total Capac ity§ 6 9 . 8  8 1 . 3  5 7 . 1  5 6 . 4  5 8 . 1  82 . 6  60 . 4  

Number o f  Ref ineries 60  3 1  2 8  2 6  9 9 1 63 

*Data from companies that furnished complete informat ion on crude oil . 
tEnt itlements calculat ed on the hypo thetical bas is  that each refinery , regardless  of size , was treated 

as  a separate company . 
§Part II  respondent total d ivided by Part  I totals for respect ive complexity fac tor ranges . 
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Figure 6. 1 978 Crude Oil  Costs Aggregated by Company Size. 



t o  the observ ed d iffe r e nc e s , c rude o i l  pr i c e  control c l as s if i c a
t ion s ( upper t i e r , l owe r t ie r , ex emp t )  a nd c r ud e  o i l  q u al i t y  ( s u l 
f ur a n d  API g rav ity ) a l so s ig nif ican t l y  aff e c ted n e t  c r ud e  o i l  
cos t . For e x ampl e , s ome sma l l  compan ie s '  c r ud e  o i l  cos ts t e nd ed to 
be re l a t iv e ly l ow d ue to the i r  proce s s i ng l e s s  e xp e n s i v e ,  h e av y , 
h ig h  s ulf ur c r ud e  o i l s  for t h e  manufact ure of a s ph al t .  

In  the abs e n c e  of e n t i tl emen t s  prog r ams , t h e  r e s po nd e nt s '  ave r
a g e  c r ud e  o i l  c o s t s  wo ul d h av e  been about $ 0 . 3 5  p er b a r r e l  l owe r 
for 1 9 7 8 .  Th i s  d iffe r en t i al re s ul ts from e n t i t l emen t s  b e i ng g iv e n  
for certa i n  impo r ted prod uc ts a n d  t o  other non- c rud e e x c ep t ions i n  
t h e  en t i tl emen t s  prog r am . 

I t  s hould a l so be no ted that , bec a u s e  a n umbe r  of t h e  smal l e r  
compan i e s  wh i c h  benef i ted from the sma l l  r ef i n e r  b ia s  a nd e x c ept ion 
rel i ef prog r ams wer e  not among r e s pond e n t s  to the s urvey , the to t a l  
aggreg ate comp u t e d  d ifference for al l r e s po nd e n t s  b e twe e n  t h e  
befor e-e n t i tl emen t s  c r ud e  o i l  cos t  and t h e  af te r-e n t i tl emen t s  a n d  
sma l l  ref i n e r  b i a s  c r ud e  o i l  c o s t  i s  g re at e r  t h a n  wo u l d  hav e been  
the  c a s e  if  al l u.s. ref i n e r i e s  h ad par t i c i p a t ed in  t h e  s urvey . 

The effec t  of t h e  e n t i tl emen t s  prog r am e x c l u s i v e  of t h e  b i as 
a l so reduced the max imum spr ead for n e t  c rud e o i l  c o s t  b e twe e n  com
pan i e s  of d iffer e n t  s i ze r a ng e s  to $ 0 . 8 6  per b ar re l . W i t ho u t  t h e  
e nt i tl emen t s  prog ram th i s  spread wo u l d  h av e  b e e n  a s  m u c h  a s  $ 2 . 5 2  
per barrel  of c r ud e  o i l . W i th bo th e nt i tl emen t s  a nd the b i as , th i s  
max imum d iffe r en t i a l became $ 2 . 4 6  p e r  barre l . I n  a l l  of t h e s e  
ins tance s , t h e  c ompan i e s  i n  the smal l e r  s i ze c a t egor i e s  d i s p l ay 
l owe r c r ud e  o i l  cos t s . 

I nd i v i d u a l  R ef i n e ry B as i �  

Al tho ug h both t h e  e n t i t l ements and b i as prog rams a r e  ac tua l ly 
admin i s te r ed on a c ompany bas i s  rathe r than on an i nd iv i d u a l  r e
f i nery bas i s , i t  i s  con s id e r ed mean i ngful to e x am i ne c r ud e  o i l  
co s t s  agg regated by l oc a t ion , ref i ne ry s i ze ,  a nd c ompl ex i ty a s  
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doc umen t e d  i n  Tabl e s  3 2 ,  3 3 ,  a nd 3 4  a s  tho ug h t h e s e  prog rams w e re 
appl i ed on an i nd i v id u a l  ref i nery bas i s . The e x pe c t ed tre nd s  of 
the eff e c ts of t h e  e n t i t l ement s and b i a s  prog rams w i th r ef i ne ry 
s i ze wo u l d  be s im i l ar to t ho s e  observ ed for company s i z e e x c e p t  
t h a t  the cost  spread m i g h t  be g reater b e twe e n  s i ze r an g e s  on t h e  
ref i n ery s i ze bas i s . 

The c a l c ul a t ion of n e t c r ud e  cos t �  ( af t e r  e n t i tl emen t s  w i th 
s ma l l  ref i ner b i a s ) for ind i v i du a l  ref i n er i e s  i s , by d ef i n i t ion , 
hypoth e t i c a l  s i n c e  the smal l ref i ner b i as prog r am was adm i n i s te red 
in 1 97 8  o n  a company b as i s . Th e method u s ed t r e a t s  e ac h  r ef i n e ry 
a s  if i t  were a separate company for p urpo s e s  of t h e  b i a s  c al c u 
l at ion . Th i s  i n c l ud es a n umbe r  of r ef i ne r i e s  i n  the b i a s  c red i t  
tha t  d id no t ac t u al ly qual ify on the company bas i s , a nd i n c re as e s 
the smal l  ref i ner b i a s  poo l . Th i s  l arg er " cred i t "  pool i s  off s e t  
by h igher c r ud e  cos t s  for t ho s e  ref i ne r i e s  w i th c apac i t i e s  g re a t e r  
t h a n  1 7 5 M B/D . 

Th e c a l c ul a t ion of c rud e c o s t s  for ind iv i d u a l  r ef i ne r i e s  on a n  
" af t e r  e n t i tl emen t s  w i t ho u t  sma l l  ref i n e r  b i a s "  b a s i s  u s e s  fac tor s 
a d apted from the e n t i t l ements f ac to r s  app l ied i n  t h e  company b as i s  
( Se e  Appe nd ix D ) . 

I t  may be obs e rv ed from Tab l e  3 4  that  t h e  ref i n e r i e s  benefi t
i ng mos t  s ig n if i c an t l y  f rom the b ia s  prog ram a r e  tho s e  of l e s s  than 
3 compl e x i ty fac tor . Th i s  i s  d ue to t h e  fac t that  t h e  ref i n e r i e s  
of l e s s  than 3 comp l e x i ty i n c l ud e  no ref i ne r i e s  o f  g re a t e r  than 1 0 0 
MB/D , and tha t 8 0  per c e n t  of the c apac i ty i n  t h i s  c ompl e x i t y  c a t e 
g ory w a s  i n  ref i ner i e s  o f  l e s s  t h a n  3 0  M B/D . 

W i th r e spe c t  to g eog raph i c  area , Ta b l e  3 2  i nd i c a t e s  t h a t  PAD I ,  
wh ich ref i n ed r e l at ive ly smal l  q uan t i t i e s  of l owe r t i e r  o i l  ( 6 . 3  
p er c en t )  and a l arg e r  percen tag e of e x emp t o i l  ( 8 7 . 2 p e r c e nt ) , e x
pe r i enced a r e d uc t ion i n  c r ud e  o i l  cos t s  d ue to t h e  e n t i tl emen t s  
p rog ram . 
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C rude O i l  C l as s i f i ca t ions 

As  prev iously ment ioned , the  l arg er and more comp l e x  r e f i n e r i e s  
proce s s ed h igher cos t  cr ud e  o i l s l a te s  i n  1 9 7 8 .  Th i s  i n  p a r t  
r e f l ec ts h ig he r  percen tag es o f  o i l s  i n  t h e  e x empt c a te g ory i n  t h e s e  
slates , as s hown i n  Table 3 3 .  Cer t a i n  sma l l  re f i n e r i e s  al so pro
ces sed s ub s t a n t i a l  perce ntag es o f  e x emp t , more c o s t l y  o i l s . 

Wi th respe c t  to g eog raph i c  locat ion a s  repo r ted i n  Ta b l e  3 2 , 
the eas tern and we s tern r eg ions o f  the coun try ( PA Ds I and V )  r e
f i ned h ig h  perce ntag es o f  e x emp t o i l s ,  p e rhaps re f l ec t ing h i s to r i c  
depend ence on impor ted s upply a nd t h e  i n f l ux o f  Al a s kan Nor t h  Sl ope 
o i l  in PAD v .  PAD I V  u t i l i z e d  the lowe s t  pe rce n tag e o f  e x empt o i l , 
i nd icat ive o f  loc al cr ud e  o i l  prod uc t i o n  mee t i ng a g re a ter por t io n  
o f  the d emand f o r  r e f i n e r s  i n  the are a . 

Va r i a t io n s  i n  c o s t  w i th i n  the s ev eral c r ud e  o i l  c l a s s i f i c a t ions 
were r e l a t i v e l y  mode r a te w i th the except ion of PAD V ,  i n  wh i c h  the 
cost  of each  c l as s i f i c a t ion of o i l  was below t h e  n a t ional av erag e ,  
pos s ibly re f l ec t i ng q ual i ty . 

C rude O i l  Q ua l i ty 

Fewe r re f i ner i e s  ( 1 6 3 ) reported q ual i t y- r e l a t ed i n fo rma t i o n . 
Comp l e te data for the c r ud e  o i l  sec t ion o f  the  
f iner i e s  appe ar i n  Tab l e s  3 5 ,  3 6 , 3 7 ,  and 3 8 . 
proces sed 9 , 1 0 0 M B/D i n  1 9 7 8  a t  a capac i t y  o f  

s urvey f o r  t h e s e  re
Th i s  sma l l e r  g roup 

1 0 , 4 5 5 M B/D , or a 
capac i ty u t i l i z a t ion o f  8 7  percen t . For the s e  r e f i ne r ie s , there 
was  20  p er c e n t  l owe r t i e r  o i l  av erag ing $ 6 . 0 2  per barre l , 2 0  p e r
cent upper t i e r  o i l  ave r ag i n g  $ 1 2 . 7 7  pe r barre l , a n d  6 0  pe r c e n t  
e x empt o i l  averag ing $ 1 4 . 6 3 p e r  barre l . O n  the  av erag e ,  e xemp t 
c r ud e  o i l s  h ave h igher s ul f ur con tent a nd l ower AP I g r av i ty than 
e i ther uppe r or l owe r tier  o i l s .  

I n  g enera l , r e f i ne r i e s  who se capa c i t ie s  we re o f  l e s s  than 3 0  
M B/D w i th c ompl e x i t i e s  o f  l e s s  than 2 . 5 proce s s ed h e av i e r , h ig h e r  
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s ul f ur g r ad e s . O t he r  sma l l  re f i ner i e s  ( o f under 1 0  M B/ D  c a pa c i ty 
and greater than 2 . 5  c ompl e i i ty ) exh i b i ted the h ighe s t  perce n t ag e  
o f  l ow s ul f ur , h ig h  g r av i ty o i l s  in  the ir s l a t e s . 

Re f i ne r i e s  w i th c apa c i t i e s  of g r e a te r  than 1 0 0 M B/D p r oc e s s ed 
c r ude o i l  s l a te s  o f  l owe r AP I g r avi t i e s  a nd h igher s ul f ur content  
than the r espo nd e n ts ' ave rage . Th i s  wa s pa r t i cu l a r ly ev i d e n t  f o r  
re f i ner i e s  i n  the  1 0 0 -1 7 5  M B/D s i ze rang e ; a pre pond erance o f  h ig h  
c ompl ex i ty r e f i n e r ie s , i nc l ud i ng ma ny wi th de s ul f ur iz a t ion and re
s id u a l  proc e s s i ng c apab i l i t ie s ,  fal l wi t h i n  t h i s  s i ze range . 

Own Prod u c t i on and Royal ty Owne r s ' Share 

One h und red e i gh ty- two re f i n e r i e s  h a v i ng 1 1 , 9 8 8  M B/D o f  capac
i ty responded to the s urvey w i th da ta r e fl ec t i ng t h e  amou n t  o f  
c r ude o i l  proce s s ed wh ich was the i r  own prod uc t ion or r oya l ty 
own ers ' shar e .  

On the b a s i s  of company s i z e  ( Table 3 1 ) , i t  i s  appa rent tha t a 
cons ide r a b l y  g r e a te r  por t ion o f  larger re f i n e r s '  c r ud e  o i l r eq u i re
me n t  is  ava i l ab l e  from t h e i r  own produc t ion o r  roy a l t y  own e r s '  
share . Compan i e s  wi t h  capac i t i e s  o f  grea ter than 1 7 5  M B/D re po r ted 
that 4 4 . 5  pe rce n t  of the c rud e o i l  throug h p u t  wa s from t he i r  own 
prod uc t ion or r oya lty owne r s ' share , in contra s t  to 7 . 9 -1 1 . 4  pe r
c en t  for al l o t h e r  company s iz e  categ o r i e s . 

T h e s e  da ta show tha t ,  i n  ge nera l , a l l re f i nery c a teg or i e s  are 
q u i te d e pe nd e n t  u pon others for c r ude o il s up pl i e s .  Th i s  d egree o f  
d ependence rang e s  from a low o f  abou t 4 8  percent  t o  a h ig h  of 1 0 0 
pe rce n t .  Re f i ne r ie s  i n  PAD V r e ported proc e s s i ng the h ighe s t  pe r
cen tag e of the i r  own or roya lty own ers ' s ha r e  of c ru d e  o i l  ( 5 1 . 7  
pe rcent ) .  Tab l e  3 3  s hows that the l a r ge r , more c ompl ex re f iner i e s  
h ave the grea t e s t  a s soc i a ted ava i l ab i l i ty o f  c rude fo r re f i ne ry 
runs that was prod uc ed by the re f i n e ry ope r a to r  o r  wa s a roya l ty 
own ers ' share . 
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OPERATING COSTS 

Tabl es 3 9 ,  4 0 , 4 1 ,  and 4 2  p re sent s umma r i e s  o f  1 97 8  o pe r a t ing 
co s t s  agg rega t ed by company s i z e , geog raph i c  area , re f inery s i ze ,  
and complex i ty . I t  s h o u l d  be noted tha t  the capa c i ty o f  r e f i n e r i e s  
in the Hawa i i an Tr ad e Zone , Al a s ka , and Guam i s  agg r eg a t ed i n  the 
PAD V f ig ures . 

I n  1 97 8 ,  t o t a l  ope r a t i ng c o s t s  for respo nd e n t  u.s. d ome s t i c  re
f i ners , e x c l u s ive of c r ud e  o i l a nd other raw mater i al s , ave r aged 
$ 2 . 2 9  per barre l of  c r ud e  o i l . Ne ar ly h a l f  these c o s t s , $ 1 . 0 8  p er 
barre l , was for f ue l  a nd p urchased u t i l i t ie s . De prec i at ion c harge s 
amoun ted to abou t  $ 0 . 1 8  p e r  barre l o f  c r ud e  o i l , a pprox imate ly 
e ight percen t o f  total operat i ng co s t s . Ma i n tenance and o th e r  
operat ing c o s t s  ( payrol l ,  c atalys t s , adm i n i s tr a t ion , e tc . )  were 
respons ible fo r $ 1 . 0 2  per barrel of cr ud e  o i l re f i n i ng cos t s . 

Compl e x i ty o f  o perat ion h a s  a s ub s tant i a l  e f fe c t  u pon total 
ope rat ing c o s t s . Th e e f fe c t s  o f  ref i ne ry s i ze and l o c a t ion are 
much les s d r ama t i c . 

Tabl e 4 2  pre s e n t s  s urvey res u l t s  for the oper a t i ng cos t  c a t e
g or i e s  a s  agg reg a ted by c ompl ex i ty fac to r  al one , d i s r eg ard i ng re
f i nery s i ze or re f i ne ry locat ion . To t a l  oper a t i ng c o s t s  for the  
h ig he s t  comp l e x i ty r ang e ( g re a te r  than 1 1 ) ,  r epre s e n t i ng e ig h t  per
cent o f  agg regate res po nd e n t  c apac i ty , were r e por t ed to b e  $ 3 . 1 3 
per barre l ,  t w i c e  that  o f  r e f i ne r i e s  w i th a comp l e x i ty f a c to r  o f  
l e s s  than three . 

Wi th re spect to agg r eg a t io n  by re f i nery s i ze c a t egory r e g ard
l e s s  of comp l e x i ty { Ta bl e  4 1 ) , t o tal oper a t ing c o s t s  r ang ed from 
$ 1 . 8 9  to $ 2 . 6 1  pe r barre l .  The h ighe s t  ave r ag e  to t a l  cos ts were 
for those re f i ner i e s  i n  the 1 0 0 -1 7 5  M B/D c apac i ty r ang e ( th e s e  a l so 
exh ib i t  the h ighe s t  compl ex i t y ) . Tho s e  re f iner i e s  o f  l e s s  than 1 0  
MB/D a nd g re a ter than 1 7 5  M B/D h ad nearly t h e  s ame average operat
i ng co s t s  ( and we re a l so nearly equal to the re s po nd e n t  ave r ag e ) . 
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TABLE 3 9  

1 9 7 8  Operating Costs b y  Company S ize 

Company S ize (MB/D)  
0-10 10-30 30 -50 50-100 100-175 175+ Average - --- --- --

Weight Average Complexity 1 . 49  3 . 01 4 . 78 5 . 68 7 . 21 7 . 71 7 . 24 

Fuel and Purchased Utilities 
MM Btu/barrel 0 . 255 0 . 389 0 . 404 0 . 550 0 . 505 0 . 576 0 . 559 
$ /MM Btu 1 .  7 3 9  1 . 958 1 . 87 5  1 . 62 1  1 . 67 5  1 . 946 1 . 91 9  
$ /barrel 0 . 412  0 . 712  0 . 695  0 . 844 0 . 850 1 . 133  1 . 080 

Depreciation , $ /barrel 0 . 123 0 . 1 83 0 . 1 59  0 . 1 61 0 . 1 72 0 . 1 87 0 . 1 84 

"' Maintenance and Other 
0 Operating Costs , $ / barrel 0 .8 1 8  0 .9 7 1  0 . 812  1 .07 5 0 . 847 1 .035 1 .022 

To tal , $ / barrel Throughput 1 . 353 1 . 866 1 . 666 2 . 080 1 . 869 2 . 355 2 . 286 

Crude Charge 
Capacity , MB/D 1 7 3  615 424 7 65 670 1 2 , 782 1 5 , 428 

Number of  Refineries 27  3 7  1 1  1 9  8 98 200 

Number of  Companies 26 29  11  1 1  5 18  100 



TABLE 40 

1978  Operating Cos t s  by Refinery Location 

Refinery Location 
PAD PAD PAD PAD PAD 

I I I  I I I  IV v Average 
- -- -- -- --

Weight Average Complexity  7 .08 7 . 14 7 . 38  5 . 1 6  7 . 52 7 . 24 

Fuel and Purchased Utilities 
MM Btu/barrel 0 . 53 8  0 . 557  0 . 544 0 . 57 9  0 . 61 6  0 . 559  
$ /MM Btu 2 . 0 94 1 . 9 7 2  1 . 802 1 . 6 7 2  2 . 061 1 .  91 9 
$ /barrel 1 . 120 1 . 11 2  0 . 97 5  0 . 952  1 . 301 1 . 080 

Depreciation , $ /barrel 0 . 194 0 . 15 8  0 . 168  0 . 185 0 . 253 0 . 184 

Maintenance and Other 
1..0 Operating Cost s , $ /barrel 1 . 194 .946 . 956  1 . 123  1 . 153 1 .022  I-' 

Tot al , $ /barrel Throughput 2 . 508 2 . 216  2 . 099  2 . 260 2 . 707 2 . 286  

Crude  Charge Capacity , MB/D 1 , 85 7  3 , 7 1 8  6 , 548  515  2 ,  7 90 1 5 , 42 8  

Percentage o f  Total Capacity* 9 9 . 3  89 . 9  8 9 . 5  9 1 . 3  9 3 . 3  91 . 4  

Number of Refineries 2 6  53 64 19 38 200 

*Part II  t o tals  d ivid ed by u . s .  to tals for respec tive dis tricts . 



TABLE 41 

1978 Operating Costs by Refinery Size 

Refinery S ize ( ME /D ) /Complexity Factor 

0-10 10-30 30-50 50-100 100-175 175+ 
(2 . 5  )2 . 5  All (2 . 5  >2 . 5  All (2 . 5  >2 .5  All All All All Average 

- -

Weight Average 
Complexity 1 . 31 5 . 18 2 . 21 1 . 41 5 . 29 3 . 45 1 . 31  5 . 91 5 . 38 7 . 78 8 . 46  7 . 57 7 . 24 

Fuel and Purchased 
Util ities 

MM Btu/barrel 0 . 2 94 0 . 845 0 . 440 0 . 234 0 . 582 0 . 429 0 . 202 0 . 542 0 . 515  0 . 5 90 0 . 614 0 . 554 0 . 559 
$/MM Btu 1 .  779 1 . 91 2  1 . 814  2 . 1 33 1 . 814 1 . 957 1 . 362 1 .  752 1. 721 1 . 957 2 . 066 1 . 882 1 . 91 9  
$/barrel 0 . 518 1 . 668 0 . 823 0 . 506 1 . 051 0 . 807 0 . 253 0 . 932 0 . 878 1 . 141  1 . 289 1 . 052 1 . 080 

Depreciation, 
$/barrel 0 . 146 0 . 346 0 . 201 0 . 1 30 0 . 174 0 . 1 55 0 . 145 0 . 155 0 . 154 0 . 1 67 0 . 221 0 . 183 0 . 184 

!D Maintenance and 
N Other Operating 

Cost s ,  $/barrel 0 . 920 1 . 970 1 . 188 0 . 666 1 . 132 0 .931 0 . 378 0 . 990 0 . 927 1 .094 1 . 102 0 . 989 1 . 022 

Total , $ /barrel 
Throughput 1 . 584 3 . 984 2 . 212  1 . 302 2 . 357 1 . 8 93 0 . 7 7 6  2 . 077 1 . 959 2 . 402 2 . 612  2 . 224 2 . 286 

Crude Charge 
Capacity, MB/D 187 57 243 470 505 975 156 1 , 196 1 , 352 2 , 407 3 . 084 7 , 367 15 , 428 

Percentage of  Total 
Capacity* 54 . 9  6 8 . 0  93 .0  7 9 . 9  85 . 5  100 9 1 . 4  

Number of Refineries 30 9 39 24 24 48 4 27 31 34 24 24 200 

*Part II totals d ivided by u . s .  totals for respective size ranges . 



TABLE 42 

1978  Operating Costs  by Refinery Complexity 

Complexity 
1 -3 3 -5 5 -7 7 -9 9 -1 1  1 1+ Average 

- -- -

Weight Average Complexity 1 . 60 4 . 37 6 . 1 1 7 . 80 10 . 04 13 . 28 7 . 24 

Fuel and Purchased Utilities 
MM Btu/barrel 0 . 267  0 . 423  0 . 518  0 . 581  0 . 6 90 0 . 7 7 7  0 . 55 9  
$ /MM Btu 1 . 965  1 . 83 8  1 . 805 2 . 01 1  1 . 887  2 . 04 8  1 . 9 19  
$/barrel 0 . 524 o .  7 6 1  0 . 931 1 . 1 7 5  1 . 330 1 . 5 85 1 . 080 

Depreciation , $ /barrel 0 . 15 7  0 . 1 80 0 . 1 7 7  0 . 1 67 0 . 210 0 . 2 7 2  0 . 1 84 

Maintenance and Other Operating 
Cost s , $ /barrel 0 . 805 0 .7 7 2  1 .070 1 .015  1 .018  1 . 273  1 .022 

\0 
U-1 To tal , $ / barrel Throughput 1 . 486 1 . 7 1 3  2 . 1 78 2 . 357  2 . 558  3 . 130 2 . 286 

Crude Charge Capac ity,  
MB/D 986 1 , 1 70 5 , 215  5 , 285 1 , 487  1 , 285  1 5 , 42 8  

Percentage of  Total Capacity* 7 5 . 4  8 0 . 2  9 6 . 9  8 8 . 7  100 100 91 . 4  

Number o f  Refineries 64 29  47  36 13  1 1  200 

*Part II  total s divided by Par t  I totals  for respective complexity factor ranges . 



Re f i ne r i e s  i n  the 1 0 - 3 0 a nd 3 0- 5 0  M B/D r an g e s  h ad the  l owe s t  av er
ag e to t a l  oper a t i ng c o s t s , apparently re f l ec t i ng l owe r c ompl e x i ty 
than the l arger r e f i nery s i ze c ategor i e s . 

A m a sk i ng e f f e c t  o c c u r s  wh en ag g reg a t io n  o f  oper a t ing expen s e s  
i s  mad e by s i ze r a ng e  a lone , w i thout regard t o  c ompl ex i ty . I n  
ord er to reduce th i s  mask i ng e f f e c t , F i g ure 7 h as been prepared . 
However ,  t h e  mas k i ng e f f e c t  i s  part ic u l a r ly prono unc ed i n  the c a s e  
o f  t h e  1 7 5 +  r e f i nery b e c a u s e  o f  the very b ro ad rang e i n  s i ze r e
pre s en ted . Further analys i s  to r ed uce the  mas k i ng e f fe c t  i s  p l a n
ned . Th i s  f ig ur e  d i s t i ng u i s h e s  somewh a t  the e f f e c ts o f  c omp l ex i ty 
and s i ze on to t a l  opera t i ng co s t s  ( f uel , p ur c h a s ed u t i l i t i e s , d e
pre c i a t ion main tenance , e tc . ) .  As wo u l d  be expec ted , f o r  a g iv en 
complex i ty , co s t s  g e n e r a l l y  d e c l i ne w i th i ncreas i ng re f i ne ry s i z e  
for re f i ner i e s  i n  the 5 0  M B/D a nd sma l l er s i ze c a t e g or i e s . Th e 
impac t o f  re f ine ry s i ze u pon operat i ng expen s e  i s  l e s s  s ig n i f icant 
for re f i ne r i e s  of  g re a t e r  than 5 0  MB/D c apac i t y . Fo r a g iv en s i ze 
rang e , opera t i ng c o s t s  increase s ign i f ican tly w i th c ompl e x i ty . 

Tabl e 4 0  s hows that  PAD I I I  re f i ner i e s  reported the lowe s t  
r ang e o f  to tal ope r a t i ng costs , a t  $ 2 . 1 0  p e r  barre l ,  wh i l e  PAD V 
re por ted the h ighe s t  co s t s , a t  $ 2 . 7 1  per barre l . Each o f  the c a t e
g or i e s  o f  ope r a t ing c o s t s  ( f ue l and pur chased ut i l i t i e s , d eprec i a
t ion , ma i n tenance , e tc . )  were h igher i n  PAD V than i n  PAD I I I .  
Di f f e r i ng un i t  c o s t s  o f  energy ( dol l ar s  per m i l l ion B TU ) are a l so a 
s ub s t an t i al f ac tor i n  the  var i a t ion o f  operat i ng cos t s  among PAD 
d i s tr i c ts . 

To tal ope r a t i ng c o s t s  p e r  barrel g enera l ly i nc r e a s ed w i th com
pany s i z e ( al t ho ug h  t h i s  i nc rease was not con t i n uo u s  t h ro ug ho u t  a l l  
s i ze rang e s ) ,  f rom a l ow o f  $ 1 . 3 5  p e r  barrel t o  a h ig h  o f  $ 2 . 3 5  p er 
barr e l ( Tabl e 3 9 ) .  Increa s i ng c ompl e x i ty w i th i n c re a s i ng c ompany 
s i ze s ig n i f i c antly i n f l uenced th i s  trend . 
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I nd i v i d u a l  Oper a t i ng C o s t  E l emen t s  

F ue l  a n d  P u rchased U t i l i t i e s  

Th e amount o f  f ue l  a n d  purchased u t i l i t i e s  requ i red to ope r a t e  
a re f inery d i f fer s g r e a t l y  among plants , a n d  depend s  t o  a l a rg e  
e x te n t  upon ref i n e ry c omp l e x i ty a s  we l l  a s  the e f f i c i e ncy o f  e n e rg y  
u t i l i z a t ion . Thos e  re f iner i e s  i n  t h e  1 -3 compl e x i ty r a ng e  ( s i x 
percent o f  respo nd e n t  c apac i t y )  had f u e l  and purchased ut i l i ty con
s umpt ion ave r ag i ng abou t  0 . 2 7 m i l l ion BTU per barre l , l e s s  t h a n  
h a l f o f  t h a t  f o r  the u. s .  averag e .  Th e h ig he s t  e ne rgy c o n s ump t i on , 
0 . 7 8 m i l l ion BTU per barre l , was report ed by t ho s e  re f i ne r i e s  h av
i ng a comp l e x i ty of g re a te r  than 1 1 ,  repr e s e n t i ng about 8 p er c e n t  
o f  respond e n t  capac i ty .  I t  i s  intere s t i ng t o  n o t e  t h a t  the  ene rgy 
consump t i o n  of tho se re f i ner i e s  o f  g reater than 1 1  compl ex i ty i s  
nearly three t ime s that  o f  t ho s e  o f  l e s s  t h a n  3 c ompl e x i ty . 

The un i t  cos t  o f  ene rgy , on a dol l a r-pe r-m i l l io n-BTU ba s i s , i s  
n o t  a f un c t ion o f  comp l e x ity ; i t  ranges f rom $ 1 . 8 1  t o  $ 2 . 0 5  p e r  
m i l l ion BTU ( Tabl e 4 3 ) w i t h i n  the v ar ious  c ompl e x i t i e s , wh i l e  t h e  
U . S . av erag e i s  $ 1 . 9 2 p e r  m i l l ion BTU .  P u rchased e l e c tr i c i ty c o s t s  
may b e  und e r s t a t ed a s  re f i n e r i e s  were i n s t r uc t ed to v a l ue p urchased 
u t i l i t i e s  i n  terms of  f ue l  e q u i v a l e n t  a t  local i n cr emental f ue l  
cos ts . 

The frac t ion o f  to t a l  cos t  i nc urred by the  cos t  o f  f ue l  a nd 
purchased ut i l i t ie s  v ar ie s  s ig ni f i cantly w i th compl e x i ty .  Fo r 
t ho s e  re f in e r i e s  o f  l e s s  t h a n  3 compl ex i ty , the cos t  o f  f ue l  and 
purchased u t i l i t i e s  amounts to about 3 5  p er c e n t  o f  total expense s , 
a s  compared wi th abou t  5 0  percent for the h ig he s t  c ompl ex i ty r a ng e  
s tud ied . 

Wi th respe c t  to re f i nery s i ze ,  those r e f i n e r i e s  o f  l e s s  than 5 0  
M B/D capac i t y  cons ume l e s s  f ue l  a nd p urch a s ed u t i l i t i e s  per barr e l  
than the nat ional averag e .  Many o f  t h e  l e as t comp l e x  r e f i ne r i e s  
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TABLE 43 

1978  Unit Energy Cos t s  
Aggregated b y  Refinery Size 

and Complexity Factor 

Complexity Weight Average 
Factor Complexity 

1-3 1 . 37 
3-5 3 . 94 

1-3 1 . 48 
3-5 4 . 26 
5-7 6 . 23 

3-5 4 . 41  
5-7 5 . 74 
7-9 7 . 35  

5-7 6 . 27 
7-9 7 . 93 
9-1 1 1 0 . 01 
1 1+ 13 . 08 

5-7 6 . 1 1 
9-11 10 .02  
11+ 12 . 32 

5-7 6 . 09 
7-9 7 . 7 0  

Unit  Energy Cos t  
( $ /MM B tu) 

1 . 81 
1 .  74 

2 . 11  
2 . 05 
1 . 7 7  

1 . 72  
1 .  78  
1 .  78 

1 . 92 
2 . 1 7 
1 . 53 
1 . 99 

1 . 84 
2 . 20 
2 . 03 

1 .  76  
1 . 96 



are i n  th i s  s i ze r ang e .  Th us , the g eneral ly l owe r e nergy c o n s ump
t ion o f  the  smal l e r  re f iner i e s  i s  prob ab l y  d ue pr imar i ly to lowe r 
c omp l e x i ty . A f ew o f  the more energy- i nte n s iv e  r e f i ne r i e s  a l so 
appear among t ho s e  o f  l e s s  than 1 0  MB/D capac i ty ; t h e s e  appe ar to 
b e  the l ub r i c a t i ng o i l  r e f i ne r i e s  in PAD I .  

Re f i ne r i e s  i n  the 1 0 0 -1 7 5  M B/D r an g e  are a l so r e l at iv ely e ne rgy 
i n te n s ive . Surv e y  d a ta i nd icate that th i s  s i ze r a ng e  h a s  a l arg e 
concentr a t ion o f  h ig h  comp l ex i ty r e f i ne r i e s . Th e s e  i n t erre l at ion
s h i p s  are more c l e a r l y  d i s pl ayed i n  F i g ur e  8 ,  wh i c h  pre s e n t s  ene rgy 
( f ue l and pur chased u t i l i t i e s )  con s ump t i o n  as a f un c t io n  o f  both 
re f i nery c ompl ex i ty a nd re f i nery s i z e r a ng e . I t  appe ars that , for 
r e f i ne r i e s  wi th c apac i t i e s  o f  up to 5 0  M B/D , e nergy c o n s um p t i o n  
d e cr e a s e s  w i th s i ze a t  a g iven compl ex i ty . Above that  s i z e r a ng e , 
there i s  no c l ear re l at ions h i p  be twe en energy c o n s umpt i o n  and re
f i ne ry s i ze ;  rather , ene rgy req u i remen t s  are compl e x i ty-d epend e n t . 

F ig ur e  9 plo t s  ene rgy cos t s  versus  re f i ne ry c ompl ex i ty w i t h i n  
t h e  paramet e r s  o f  r e f inery s i z e . Th e " bre aks " i n  t h e  p l o t  o f  
ene rgy co s t s  i n  F ig ur e  9 for re f i ne r i e s  i n  t h e  5 0 -1 0 0  a n d  1 0 0 -1 7 5  
MB/D s i ze rang e s  are n o t  d ue to energy c o n s ump t i on , b ut rather to 
the  val ue re por t ed for un i t  ene rgy cos t .  Th i s  apparent anomaly wa s 
not ev idenced by F i g ure 8 ,  wh i c h  d ispl ay s  e nergy c o n s umpt i on a s  a 
f unc t ion o f  compl ex i ty a nd s i ze .  Tabl e 4 3  s hows un i t  e n e rg y  cos t 
d a ta by r e f i ne ry s i z e  and comp l ex i ty ag greg a t i o n s . 

Th e u n i t  cost  o f  e ne rgy by r e f inery s i ze c a te gory r ang e s  f rom 
$ 1 . 7 2  to $ 2 . 0 7  pe r m i l l ion BTU .  Th i s  appe ars to be d ue more to 
geog raph i c  loca t ion ( Ta b l e  4 0 )  than to re f i nery s i z e  ( Ta bl e  4 1 ) . 
I t  i s  no t c l e ar f r om the s urvey re s ul ts why t h e s e  v a r i a t ions occur , 

· b u t  there we re apparently f ue l  g as and o i l  mark e t  p r i c e  v ar i a t ions 
between PAD d i s tr ic t s . Survey re s pond e n t s  we re i n s t r uc t ed to v a l ue 
i nternal ly prod uced re f i nery f ue l  based upon l o c a l  i ncreme n t a l  pur
chas e/s ale f ue l  pr i c e s . 
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Cons umpt i o n  o f  f ue l  and pur chased u t i l i t i e s  p e r  barrel  o f  c r ud e  
o i l re f ined d i f fe r s  between PAD d i s tr ic t s , a nd r a ng e s  f rom 3 . 8 pe r
cent below the  nat ional averag e in PAD I to 1 0 . 2 p er c e n t  above that 
average i n  PAD V.  The f ac t  that energy cons ump t ion is  h ig h e s t  in 
PAD V r e f l ec ts tha t  there are a s ig ni f i c a n t  n umber of e nergy
intens ive re f i ner i e s  o f  g re a t e r  compl ex i ty .  

Tabl e 4 0  s hows that PAD I V  h ad the lowe s t  un i t  e n e rg y  co s t , at  
$ 1 . 6 7 per m i l l ion BTU . Th e energy cost  repo r ted for the e a s t  and 
we s t  r eg ion s ( PA Ds I and  V )  we re cons i d e r ably h ig h er , a t  $ 2 . 0 9  and 
$ 2 . 0 6  per m i l l ion BTU , r e s pe c tiv ely . 

En ergy c o n s umpt i on/ co s t  as  a f unc t ion o f  company s i ze ( Ta b l e  
3 9 ) relates t o  the  more f und amental f ac tors o f  c ompl ex i t y  a nd r e
f i nery s i ze .  Compan i e s  o f  l es s  than 1 0  M B/D t o t a l  c apac i ty r e
por ted energy cos t s  o f  $ 0 . 4 1  per barrel o f  c r ud e  o i l , wh i l e  the  
average was  $ 1 . 0 8  p e r  barre l , a nd re f i ners h av ing sys tem c apac i t i e s  
o f  g reater than 1 7 5 M B/D e xper i enced ene rg y  co s t s  o f  $ 1 . 1 3  p e r  ba r
rel . Th e g re a t e r  av erag e comp l ex i ty o f  r e f i ne r i e s  owned by l arger 
compan i e s  contr ibutes  to h igher energy cons ump t ion by the s e  
compan ies . 

Depre c i a t i on 

Pr in c ipal var i a t ions i n  d epr e c i a t ion c harg e c an b e  traced to 
i nve s tment d i f ferenc e s  d ue to compl ex i ty , s i z e , a nd v i n tage o f  r e
f i n ing f ac i l i t i e s . Th e only s ig n i f i c a n t  re l a t io n s h i p  b e twe en g eo
g raphy and d e prec i a t ion i s  th e $ 0 . 2 5  pe r barrel f ig ure s hown for 
PAD V ( Ta bl e  4 0 ) . Th a t  d i s t r i c t ' s re sponse  i nc l ud e s  e ig h t  r e f i n
er i e s  ( 8 9 7  M B/D c r ud e  charg e  capac ity and compl e x i ty i n  th e 7 - 9  
r ang e o r  h ig her ) w i th a n  averag e d eprec i a t ion c o s t  o f  $ 0 . 3 5  p e r  
barrel wh ich incre a s ed t h e  PAD V av erag e  s ig n i f i c an tly . 

As wo uld be e xpec t ed , d e prec i a t ion c h a rge s g e ne r a l ly increase  
w i th comp l e x i ty ,  r ang ing f rom $ 0 . 1 6  p e r  barre l f o r  re f i ner i e s  o f  

1 0 1 



l e s s  than 3 comp l ex i ty to $ 0 . 2 7  p e r  barre l for t h o s e  g re a te r  than 
11 c ompl ex i ty ( Tabl e 4 2 ) . 

Thos e  re f i ne r i e s  i n  th e 7 - 9 compl ex i ty r a ng e  s how the  g r e a t e s t  
d ev i a t ion from the trend o f  i ncreased d eprec i a t io n  wi th i nc r e a s ed 
compl ex i ty . I t  appe ars from a compari son o f  re p l a c emen t  c ap i t a l  
cost  d at a  t o  o r i g inal  g ro s s  f i x ed a s s e t s  ( d i s c u s s ed i n  g re a te r  d e
t a i l  l ater i n  th i s  repor t )  that the re f i ne r i e s  i n  t h i s  c ompl ex i ty 
r an g e  we re i n i t i a l ly i n s tal l ed a t  an e ar l i e r  d ate . I f  t h i s  i s  the 
c a s e , it is not s urpr i s i ng tha t  the i r  d e prec i a t ion s c h ed u l e s  are 
r e l a t iv ely l ower than ad j acent comp l e x i ty r ang es . 

W i th respe c t  to r e f inery s i ze ( Ta b l e  4 1 ) , d eprec i a t ion charges  
rang ed from $ 0 . 1 5 t o  $ 0 . 2 2  pe r barrel o f  c r ud e  o i l . The h ig he s t  
d eprec i a t ion charges we re repo rted for those h ig he r  comp l e x i ty re
f iner i e s  o f  l e s s  than 1 0  MB/D capac i ty a nd for t ho s e  over 1 0 0 M B/D 
c apac i ty .  Th e l owe s t  d e prec i a t ion c harg es repo r ted we re for l ow 
compl ex i t y  re f i ner i e s  i n  the 1 0 -3 0 M B/D s i ze c a t eg ory . 

F ig ure 1 0  was prepared i n  an a t t empt to e l im i na te the o therwi se 
m as k ing e f f e c t s  b e twe en comp l ex i ty and re f i ne ry s i ze as  they r e l a te 
to d eprec i at ion . The d a t a  do no t corr e l a te wel l w i th re f i nery s i z e 
i n  th i s  f i g ure , b u t  do g ene ral ly s how the trend o f  c ap i tal- r el ated 
charg e s  w i th compl ex i ty . The expec ted r el a t ions h i p  between s i z e  
and d epr e c i a t ion may b e  obsc ured by v in tag e cons i d er a t i o n s . Ge ne r
a l ly , i t  may be ob s e rv ed f rom th i s  f ig ure that  d e prec i a t ion c h a rg e s  
may more than d o ub l e  b e twe en l ow a nd h ig h  comp l e x i ty r ang es . Al so 
obs e rv ed i s  the r e l a t ively h ig h  deprec i a t ion c h a rg e  for re f iner i e s  
i n  t h e  0 -1 0  M B/D s i z e  rang e .  

W i th one e x cept ion , a s  company s i ze i nc r e a s ed d eprec i a t ion al so 
i ncrea s ed thro ughout a l l  s i ze range s , f rom $ 0 . 1 2  pe r barrel  fo r 
those compan i e s  o f  l e s s  than 1 0  M B/D c apac i ty to $ 0 . 1 9  p er barrel 
for re f iners  of g re a ter than 1 7 5  MB/D c apac i t y  ( Table 3 9 ) . Th e 
s ing l e  e x cept ion wa s the 1 0- 3 0  M B/D c ompan i e s , a t  $ 0 . 1 8  p e r  barre l . 
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Appa r e n tly , some o f  the h i g her comp l e x i ty sma l l  r e f i ner i e s  ( tho s e  
o f  l e s s  t h a n  1 0  M B/D c apac i t y )  a r e  owned b y  the s e  c ompan i e s . 

M a i n t e nance and O th e r  Ope r a t i ng C o s ts 

Co s t s  for ma i n tenance and o ther oper a t i ng e x pe n s e  i tems ( pay
rol l ,  c atalys t s , adm i n i s tr a t ion , e tc . )  ranged from $ 0 . 7 7  to $ 0 . 8 1  
per barrel for t h e  und e r  f iv e  compl ex i t y  re f i n e r i e s  t o  $ 1 . 2 7  pe r 
barrel for tho se i n  the l l+ categ ory ( Ta b l e  4 2 ) ; t he c o s t s  o f  the 
latter were ove r  one and a half t ime s as  great a s  t h e  cos t s  o f  t h e  
former . Fo r the l e a s t  c ompl ex ref i nery c ategory , t h e s e  c o s t s  con
s t i t ute about 5 4  percent o f  to tal opera t i ng c o s t s , wh i l e  for re f i n
e r i e s  wi th a comp l e x i ty o f  g re a ter than 1 1 ,  t h e s e  c o s t s  we re about 
4 1  pe rcent o f  to t al e xpense s . 

Ex amination o f  t h e s e  ma intenance a nd o th e r  cos t s  by re f i n e ry 
s i ze c a teg ory ( Ta bl e  4 1 )  s hows the l owe s t  cos t s  for t ho s e  r e f i n e r
i e s  i n  the 3 0 - 5 0  M B/D rang e . Re f i ner i e s  o f  g re a t e r  c apac i ty d i s
p l ay h i gher ma i n tenance and o ther ope r a t i ng c o s t s , i l l u s t r a t ing the 
e f fe c t  o f  g r e a t e r  c ompl ex i ty . F ig ure l l  d i f feren t i a t e s  between the 
e f f e c ts of  comp l e x i ty and s i ze upon r e f i ne ry m a i n tenance and o ther 
opera t i ng expen s e s . Th e more complex plants  h av e  opera t i ng e x
penses  o f  three to f o ur t imes  tho s e  o f  l ow c omp l e x i ty r e f i n e r i e s  o f  
the s ame s i ze rang e . I n  the l a rg e r  re f i ne ry s i ze c a t eg or i e s , t h e  
e f f e c t  o f  s i ze a t  a g iven comp l ex i ty i s  l es s  s i g n i f i c an t , b ut 
F ig ure l l  doe s i l l u s trate that , unde r 5 0  M B/D c apac i t y  a nd for a 
g iv en c omp l e x i ty l ev e l , m a i n tenance and o t h e r  ope r a t i ng e x pen s e s  
d ec r e a s e  a s  re f i ne ry s i ze i ncrease s . 

There i s  no p a t t e rn to ma i n tenance and o th e r  ope ra t i ng cos t s  
w i t h  r e s pe c t  t o  company s i ze ;  t he l owe s t  c o s t  w a s  reported t o  be 
$ 0 . 8 2  pe r barrel for t h e  0 -1 0  M B/D capac i ty a nd t h e  h ig he s t $ 1 . 0 7  
per  barre l for the 5 0 - 1 0 0  M B/D r ang e .  
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C OMB INE D C RUDE O I L  AND OPE RATING COSTS 

C ompany S i z e  Agg rega t ion 

Ta b l e  4 4  a nd 4 5  s how c ombined crud e o i l  and opera t i ng co s t s  
agg regated o n  the b a s i s  o f  company s i z e .  I t  a l so d e p i c t s  t h e  d i f
f eren t i a l  for the comb i ned costs  from the re spond e n t  av erag e .  

Compan i e s  i n  the sma l l er s i ze c a tegor i e s  repo r ted cost  d ata 
i nd icat i ng s ig n i f i c an t l y  l ower comt i ned co s t s  than the l a rg e  
r e f i n e r s . Re f i ne r s  o f  5 0  M B/D a nd l e s s  c apac i ty appe ar to h av e  h ad 
comb i ned cos ts o f  $ 1 . 1 1 - $ 3 . 1 3  pe r barrel o f  c r ud e  o i l l e s s  than the  
averag e ,  wh i l e  r e f i n e r s  i n  the l arger s i ze r ang es had c o s t s  i n  1 97 8  
that wer e  $ 0 . 1 4 abov e  the av e r age . For rea sons prev i o u s l y  d i s
c us s ed , both c r ud e  o i l  c o s t s  and oper a t i ng c o s t s  are l owe r for the 
sma l l e r  re f i nery s i z e c a t eg or i e s . 

Re f i nery Agg reg a t ions 

Tab l e s  4 6 , 4 7 ,  and 4 8  pre s e n t  comb i n ed c r ud e  o i l  a nd oper a t i ng 
c o s t s  ag g reg ated by r e f i nery l ocat ion , s i ze ,  a nd compl ex i ty .  

Comb ined c r ud e  o i l  and operat i ng costs  v ary by g eog raph i c  are a , 
w i th PA Ds I a nd I I  above the  respond e n t  ave r ag e  a nd PA Ds I I I ,  I V ,  
a nd V b e l ow that  averag e .  Th e re l a t i v e  contr i b u t i o n  o f  c r ud e  o i l  
cos t and operat i ng cos t to the comb i n ed cos t s  d i f f e r ed cons ide r ably 
betwe e n  PAD d is tr i c ts , as  documented i n  Ta bl e 4 6 .  

Ta b l e  4 7  s hows t ha t , i n  genera l , c om b i ned c r ud e  o i l  and ope r a t
i ng cos t s increa s ed w i t h  re f i nery s i z e r a ng e . Th i s  t r e nd re f l e c t s  
h ig her c r ud e  o i l  c o s t s  a s  we l l  a s  added ope r a t i ng c o s t s  ( a s s o c i a ted 
wi th c ompl ex i t y ) . The var i ances from the r e s po nd e n t  average amo un t 
t o  a s  muc h  a s  $ 2 . 7 0  p e r  barrel under the av erag e for r e f i n e r i e s  o f  
l e s s  than 1 0  M B/D and 2 . 5 compl ex i ty t o  $ 0 . 3 7  above the ave r ag e  for 
r e f i ne r i e s  in the 1 0 0 -1 7 5  M B/D r ang e . 
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Weight Average Complexity 

Crude Oil Co st , Net After 
Enti tlements and Bias , $ /barrel 

Operating Costs ,  $/barrel 

To tal Cost ,  $ /barrel Throughput 

Dif ferential , To tal Cost 
Relative to Combined 
u . s .  Average 

Crude Charge 
Capacity, MB/D* 

Number of Re fineries 

Number of Companies 

TABLE 44 

1978 Crude Oil Cost Plus Operating Costs by Company S ize 

0-10 10-30 

1 . 49 3 . 01 

1 0 . 53 1 1 . 50 

1 .35 1 . 87 

1 1 . 88 1 3 .37  

( 3 . 13 )  ( 1 . 64 )  

1 74 631 

29 38 

28 30 

Company S ize (MB/D)  
30-50 50-100 

4 . 7 8  5 . 68 

1 2 . 22 1 2 . 99 

1 . 67 2 .08 

1 3 . 89 1 5 .07 

( 1 . 1 1 )  0 . 08 

424 765 

11 19 

11 11 

*Capacity data is for ref ineries reporting crude o il data in Part II  of the NPC study . 

100-175 175+ Total 

7 . 21 7 .  71 7 . 24 

1 2 . 92 1 2 . 7 8 1 2 . 71 

2 .01 2 . 35  2 .28 

1 4 . 93 1 5 . 13 1 4 . 99 

( o .  06 ) 0 . 1 6  Base 

670 1 2 , 782 1 5 , 445  

8 98 203 

5 18 103 



TABLE 45 

Impact of Entitlements and Small Re finer Bias 
On 1978 Crude Oil Costs Plus Operating Costs by Company S ize 

Company Size (MB/D )  
0-10 10 -30 30-50 50-100 100-175 175+ Total -- -- ---

Crude Oil Cost Plus Operating Costs , 
$ /barrel 

Before Entitlements Without Bias 12 . 23 13 . 73  1 4 . 73 14 . 96 1 5 . 41 14 . 69 1 4 . 66 
After Entitlements Without Bias 1 3 . 65 1 4 . 53 1 4 . 54 1 5 .24  1 4 . 93 1 5 .02 1 4 . 99 
After Entitlements Wi th Bias 1 1 . 88 1 3 . 37 1 3 . 88 1 5 . 07 14 . 93 1 5 . 15 14 . 99 ...... 

0 
(X> 

Differential , To tal Co st Relative To 
Combined u . s .  Average , $ /barrel 

Be fore Entitlements Without Bias ( 2 . 43 )  ( 0 . 93 )  ( 0 . 07 ) 0 . 30 0 . 7 5 0 . 03 Base 
After Entitlements Without Bias ( 1 . 34 )  (0 . 46 )  ( 0 . 45 )  0 . 25 ( 0 . 06 )  0 . 03 Base 
After Enti tlements With Bias ( 3 . 11 )  ( 1 . 62 )  ( 1 . 1 1 ) 0 . 08 ( 0 . 06 ) 0 . 1 6  Base 
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TABLE 46 

1978 Net Crude Oil  Costs and Operating Cos t s  by Refinery Location 

Refinery Location 
PAD PAD PAD PAD PAD 

I I I  I I I  IV v Total 
- -- -- -- --

Weight Average Complexity 7 . 08 7 . 14 7 . 3 8  5 . 16 7 . 52 7 . 24 

Crude Oil Cos ts Before 
Entitlement s 14 . 00 12 . 46 12 . 1 1 1 1 . 08 11 . 89 12 . 36 

Crude Oil Co s t ,  Net After 
Entitlements ,  $ / barrel* 12 . 94 13 . 01 1 2 . 7 7 12 . 43 1 1 . 83 12 . 69 

Operat ing Cos t s , $ / barrel 2 . 51  2 . 22  2 . 10 2 . 26  2 . 7 1  2 . 29  

Total Net Crude Oil and 
Operating Cost s ,  $ / barrel 
Throughput 1 5 . 4 5  1 5 . 23 1 4 . 87 1 4 . 69 1 4 . 54 1 4 . 98 

Differential , Total Costs  
Relative to u . s .  
Average , $ /barrel 0 . 46 0 . 24 ( 0 . 0 9 )  (0 . 30 )  ( 0 . 4 1 )  Base 

As sociated Crude Charge 
Capac ity,  MB/D 1 , 857 3 , 7 1 8  6 , 54 9  516  2 , 806 15 , 445  

Percentage of  Total 
Capacity t 9 9 . 3  8 8 . 4  86 . 6  87 . 5  9 1 . 0  89 . 2  

*Entitlements calculated on the hypo thetical basis that each refinery , regardless  o f  size , was 
treated as a separate company . 

tPart II respondents d ivided by U . S .  t o tals . 
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TABLE 47 

1978 Crude Oil Costs and Operat ing Costs by Refinery S ize 

Refinery S ize (ME/D) /Complexity Factor 
0-10 10-30 30-50 50-100 100-175 175+ 

<2 . 5  >2 .5  All <2 . 5  >2 . 5  All <2 .5  >2 . 5  All All All All Total 

Weight Average 
Complexity 1 . 31 5 . 18 2 . 21 1 . 41 5 . 29 3 . 45 1 . 31 5 . 91 5 . 38 7 . 78 8 . 46 7 . 57 7 . 24 

Crude Oil Cost , 
Before Enti-
tlements 10 . 96 13 . 78 1 1 . 68 1 1 . 76 11 . 85 11 . 81 12 . 88 11 . 47 11 . 62 12 . 52 12 . 86 12 . 33 12 . 36 

Crude Oil Cost , 
Net After Entitle-
ments , $ /barrel* 10 . 70 1 1 . 86 10 . 99 1 1 . 00 11 . 90 11 . 51 11 . 94 12 . 43 12 . 38 12 . 84 12 . 7 5 12 . 85 12 . 69 

Operating Cost s ,  
$/barrel 1 . 58 3 . 98 2 . 21 1 . 30 2 . 36 1 . 89 0 . 78 2 .08 1 . 96 2 .40 2 . 61  2 . 22 2 . 29 

Total Crude Oil 
and Operating 
Costs , $ /barrel 
Throughput 12 . 28 15 . 84 13 . 20 12 . 30 14 . 26 13 . 40 12 . 72 14 . 51 14 . 34 15 . 24 15 . 36 15 . 07 14 . 98 

Differential , Total 
Costs Relative to 
u . s .  Average , 
$/barrel (2 . 70 )  (0 . 8 6 )  ( 1 . 7 8 )  ( 2 . 68 )  ( 0 . 72 )  ( 1 .  58 ) ( 2 . 26 )  ( 0 . 4 7 )  ( 0 . 64 )  0 . 26 0 . 38 (0 .09)  Base 

Associated Crude 
Charge Capacity, 
MB/D 188 57 245 470 520 990 156  1 , 196 1 , 352 2 , 407 3 , 084 7 , 367 1 5 , 445 

Percentage of Total 
Capacityt 55 . 3  69 . 0  93 . 0  79 . 9  85 . 5  100 . 0  89 . 2  

*Entitlements calculated on the hypothetical basis that each refinery , regardless o f  size , was treated a s  a separate company . 
tPart II respondents divided by u . s .  totals for each size category . 
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TABLE 48 

1978  Crude Oil  Cos t s  and Operating Cos t s  by Refinery Complexity 

Complexity 
1-3 3-5 5-7 7-9 9-1 1 1 1+ Total 

-- -- -- -- -- -- --

Weight Average Complexity 1 . 60 4 . 37 6 . 1 1 7 . 80 10 . 04 13 . 2 8  7 . 24 

Crude Oil Cos t s , Before 
Enti tlements 1 1 . 97 1 2 . 44 12 . 53 1 2 . 31 1 2 . 04 12 . 53 1 2 . 36 

Crude Oil Cos t s , Net Af ter 
Ent itlements ,  $ /barrel* 11 . 41 12 . 55 12 . 86 12 . 80 12 . 70 12 . 45 12 . 69 

Operating Cos t s , $ /barrel 1 . 49 1 . 66  2 . 18  2 . 36  2 . 56  3 . 13  2 . 29  

To tal Crude Oil and Operating 
Cos ts , $/barrel Throughput 12 . 90 1 4 . 21 1 5 . 04 1 5 . 1 6 1 5 . 26 1 5 . 58 1 4 . 98 

Dif ferential , Total Costs  Relative 
to u . s .  Average ,  $ /barrel ( 2 . 08 )  (0 . 7 7 ) 0 . 06 0 . 18 0 . 28 0 . 60 Base 

Associated Crude Charge Capacity,  
MB/D 988 1 , 186  5 , 21 5  5 , 285  1 , 487 1 , 285  1 5 , 445  

Percentage of Total Capacityt 7 5 . 5  81 . 3  9 6 . 9  8 8 . 7  100 100 91 . 5  

*Entitlements calculated on the hypothet ical bas is  that each refinery , regardles s o f  size , was treated 
as a separate company . 

tPart I I  res pondent s  divided by u . s .  totals . 



W i th respec t to r e f i nery compl ex i ty , c omb i ned c o s t s  i n  Ta b l e  4 8  
are g en e r a l l y  g r e a t e r  a t  h igher compl ex i t i e s . Th i s  i s  d ue to h ig h
e r  ope r a t i ng e x pe n s e s  a s  we l l  a s  h i g her c r ud e  o i l  c o s t s . Th e com
b i ned co s t  agg r eg a ted by compl ex i t y  rang e s  f rom $ 2 . 3 5  per  b a r r e l  
b e l ow the  av erag e for the l e a s t  comp l e x  re f i ne r i e s  t o  $ 0 . 6 0  p e r  
barr e l  above that  ave r ag e  for the mo s t  c ompl e x  re f i n e r i e s . 

GROSS F I XE D ASS ETS AND REPLACEM ENT COSTS 

Th e av erag e o r i g inal  cons t r uc t i on cost  o f  a r e f i nery ( g ro s s  
f ix ed a s s e t s )  wa s re por t ed t o  h av e  bee n  $ 1 , 3 5 4  p e r  d a i ly b a r r e l  o f  
c r ud e c harg e capac i ty ,  and the av erag e repl ac emen t  c o s t  a s  o f  
Jan uary 1 ,  1 9 7 9 ,  to h av e  b e e n  $ 3 , 7 2 7  per d a i l y  b a r r e l  o f  c r ud e  
charge c apac i ty .  

Ta bl e 4 9  s hows the v ar i a t ions i n  re f i ne ry cons t r uc t ion c o s t  by 
company s i ze .  The pe r-barr e l  cos t  of re f i n e r i e s , bo th on a g ros s 
f i x ed a s s e t  and a repl acement co s t  bas i s , i nc re a s e s  w i th company 
s i ze .  Wh i l e  th i s  may appe ar contrary to an e x pe c t ed e f fe c t  o f  
e conomy o f  s i ze ,  c omp l e x i ty apparently o v err i d e s  t h e  e f f e c t o f  
s i ze . 

Tabl e 5 0  i nd i c a t e s  re f i nery cons truc t ion co s t  v a r i a t ions by 
r e f i nery l oca t ion . PA D I a nd V r e f i ner i e s  appear to be more c o s t ly 
per barrel o f  cr ud e  c h a rg e  capac i ty than re f i ner i e s  i n  o th e r  d i s
t r i c ts . Some known f ac to r s  con t r i bu t i ng to th i s  i nc l ud e  the f ac t  
tha t more compl e x  re f iner i e s  and very s tr i ng e n t  e nv i ronme n t a l  r e
s tr i c t ions e x i s t  i n  PAD V .  PA D I I I  r e f i ne ry c o s t s  appear to be the 
lowe s t  on a r e pl ac eme n t  co s t  ba s i s . Some f ac tors b e l i ev ed to i n
f l uence  th i s  i n c l ud e  lowe r per- barrel  con s t r uc t io n  c o s t s  and h i g her 
ave r ag e  re f inery s i ze .  On an or ig i nal co s t  b a s i s , PAD I V  re f in e
r i e s  appear to h av e  the lowe s t  co s t . Th i s  m ay be a r e s u l t o f  re
f i ner i e s  be i ng of an ave r ag e  earl i e r  v in t ag e , a s  i nd i c a t ed by the  
h ig h  r a t io o f  repl acement cost  to  orig inal  c o s t . 

1 1 2 
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TABLE 4 9  

January 1 ,  1 9 7 9 , Refinery Assets  by Company Size  

Company Size  (MB/D) 
0- 1 0  1 0-30 3 0-5 0 5 0- 1 00 1 0 0 - 1 7 5  1 7 5+ Total 

- --

We ight Average Complexi ty 1 . 4 9 3 . 0 1  4 . 7 8 5 . 6 8  7 . 2 1  7 .  7 2  7 . 2 4  

Gross  Fixed As sets  
MM$ 82 5 4 4 3 5 9  7 8 6  7 9 0 1 8 , 3 0 4  2 0 , 8 6 5  

$ /barrel/day 4 9 8  8 6 2  9 2 3  1 , 0 2 7  1 , 1 7 8  1 , 4 3 2  1 , 3 5 4  

Replacement Cos t s* 
MM$ 2 0 0  1 , 3 2 0  9 6 1  2 , 3 9 4  2 , 1 8 9  4 5 , 9 8 0  5 3 , 0 4 5  

$/barrel/ day 1 , 1 7 3  2 , 2 2 4  2 ,  7 2 5  3 , 1 3 0 3 , 2 6 7  3 , 9 3 7  3 ,  7 2 7  

Ratio Replacement Cos t s  to 
Gross Fixed As setst  2 . 3 6  2 . 5 8  2 . 9 5  3 . 0 5  2 .  7 7  2 .  7 5 2 . 7 5  

Number of Refineries 2 5  3 8  1 0  1 9  8 9 8  1 9 8  

Number of Companies 24 3 0  1 0  1 1  5 1 8  9 8  

Crude Charge Capaci ty , 
MB /D 1 6 5  6 3 1  389 7 6 5  6 7 0  1 2 , 7 8 2 1 5 , 4 0 1  

*Replacement cos t data were submi t ted for 1 8 6  re finerie s , having 1 4 , 3 3 0  MB/D o f  crude charge 
capacity .  

tRatio der ived fr om $ /barrel data . 



TABLE 50 

January 1 ,  1 9 7 9 , Refinery Assets  by Refinery Locat ion 

Ref inery Locat ion 
PAD PAD PAD PAD PAD 

I II  III  IV v Total -- -- --

Weight Average Complexity 7 . 08 7 . 14 7 . 38  5 . 1 6 7 . 52 7 . 24 

Gross  Fixed As sets 
MM$ 2 , 7 99 4 , 722 8 , 546 562 4 , 236 20 , 865 
$ / barrel/day 1 , 507 1 , 2 7 1  1 , 305 1 , 089  1 , 530 1 , 3 54 

Replacement Costs  
MM$ 7 , 47 1  12 , 846 19 , 074 1 , 887  11  ' 767  53 , 045 
$ / barrel/day 4 , 224 3 , 659 3 , 254 3 , 658  4 , 572  3 '  727  

f-' Ratio Replacement Cos t s  to f-' 
Gros s  Fixed As sets 2 . 80 2 . 88  2 . 49 3 . 36 2 . 99 2 . 7 5  """ 

Number of  Refineries 26  52 63 20 37 198 

Crude Charge 
Capacity , MB/D 1 , 857  3 , 7 1 3  6 , 548 5 1 6  2 , 767  1 5 , 401 

Percentage of  Total 
Capacity* 99 . 3  88 . 2  86 . 6  86 . 6  89 . 8  88 . 9  

*Part I I  respondents d ivided by u . s .  total s . 



Table 5 1  i nd i c a t e s  the re l a t ionsh i p  b e twe en re f i ne ry s i ze and 
cap i tal a s s e t s , and i nc l ud e s  a breako u t  by two c ompl ex i ty f ac tor 
rang es on some o f  the sma l l er re f i nery s i ze c a tegor i e s . Th e e f f e c t  
o f  compl ex i ty f ac tor i s  muc h more prono unced than s i ze .  For exam
p l e , i n  the 0 -1 0  M B/D r e f i nery s i ze c a tegory , the  o r i g i n a l  con
s tr uc t ion cos t and repl acemen t  co s t  are a lmo s t  f ive t ime s g re a t e r  
for re f i ne r i e s  w i th a comp l ex i ty f ac tor over 2 . 5 t h a n  f o r  those 
with compl ex i ty f ac tor s  und e r  2 . 5 .  The s ig n i f i c a n t  e f f e c t  of com
p l e x i ty i s  a l so ev i d e n t  i n  the v ar i a t ion o f  r e f i ne ry c o s t s  w i th 
s i z e . As s hown i n  Tabl e 5 1 ,  pe r-barrel g ro s s  f i x ed a s s e t s  a nd r e
p l acement c o s t s  g enera l ly i ncrease wi th i nc re a s i ng re f i ne ry s i z e ,  
con trary to the  " e conomy o f  s c a l e "  e f f ec t ; th i s  i s  beca u s e  c omp l e x
i ty a l so increases  w i th re f i nery s i ze , mask i ng any " s c a l e "  e f fe c t . 
Many o f  the l a rg er re f iner i e s  al so h av e  mul t i pl e  proce s s i ng tra i n s  
wh i c h  d im i n i sh t h e  e f f e c t  o f  s i ze o n  i nv e s tm en t s . 

Th i s  i s  f ur ther i l l u s t ra ted by F i g u r e s  1 2  a nd 1 3 ,  wh i c h  we re 
prepared to more f ul l y  d i f f e ren t i ate between the e f f e c t s  o f  com
p l e x ity and r e f i nery s i ze upon g ro s s  f i x ed a s s e t s  and c urrent re
pl ac emen t  cos t .  Re s po nd e n t  d a ta show l i t tl e  ev i d e nce o f  an eco n
omy o f  s c a l e  e x cept among the sma ll s i ze r ang e s . Th e f i g ure s d o  
empha s i ze that pe r-barre l cap i tal i nv e s tme n t  co s t s  are par t ic ul ar l y  
s en s i t iv e  to comp l e x i ty f a c tor . 

Th e rat io o f  repl ac ement cost to g ro s s  f i x ed a s s e ts g iv e s  a 
c l ue to the ag e o f  the r e f i nery in th a t  a lower ra t io i nd i c a te s  
l e s s  i n f l at ion and , t h e r e f o re , more recent con s t r uc t i on . As s hown 
in Tabl e 4 9 ,  re f iner i e s  o f  compan ies  o f  l e s s  tha n 3 0  M B/D capac i ty 
are appare ntly n ewe r on the av er ag e than tho se i n  the l arger s i ze 
categor ie s . Al so , th e 7 - 9  compl ex i t y  re f i ner i e s  a s  a g ro up appe ar 
to be the o l d e s t ,  a nd the 1 -3 complex ity r e f i ner i e s  s e em to be the 
mo s t  recen tly cons tr uc t e d  ( Tabl e 5 2 ) . 

1 1 5  
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TABLE 51 

January 1 ,  1979 , Refinery Assets by Refinery Size 

Refinery Size (ME/D) /Complexity Factor 

0-10 10-30 30-50 
<2 .5  )2 . 5  All <2 .5  )2 . 5  All <2 . 5  >2 . 5  All 

Weight Average 
Complexity 1 . 31 5 . 18 2 . 21 1 . 41 5 . 29 3 . 46 1 . 31 5 . 91 5 . 38 

Gross Fixed Assets 
MM$ 95 134 229 299 531 829 112 1 , 214 1 , 326 
$/barrel/day 530 2 , 356 972 635 1 , 020 837 925 1 , 014 1 , 006 

Replacement Costs 
MM$ 253 353 607 750 1 , 474 2 , 224 * * 4 , 053 
$/barrel/day 1 , 378 6 , 207 2 , 521 1 , 671 3 , 151  2 , 426 * * 3 , 291 

Ratio Replacement 
Cost to Gross 
Fixed Assets 2 . 60 2 . 63 2 . 59 2 . 63 3 . 09 2 . 90 - - 3 . 27 

Number of Refineries 28 9 37 24 25 49 3 27 30 

Crude Charge 
Capacity, MB/D 179 57 236 470 520 990 121  1 , 196 1 , 317 

Percentage of Total 
Capacityt 53 . 3  6 9 . 0  90 . 6  

*Withheld t o  protect confidentiality of participants . 
tPart II respondents divided by u . s .  totals . 

50-100 100-175 175+ 
All All All Total 

7 . 78 8 . 46  7 . 57 7 . 24 

3 , 368 4 , 515 10 , 596 20 , 865 
1 , 399  1 , 464 1 , 438 1 , 354 

7 , 398 13 , 553 25 , 2 1 1  53 , 045 
3 ,  729 4 , 602 3 , 646 3, 727 

2 . 67 3 . 14 2 . 54 2 . 75  

34 24 24 198 

2 , 407 3 , 084 7 , 367 1 5 , 401 

65 . 3  8 5 . 5  100 9 1 . 2  



>-
<( 
0 

a: 
w 
0... 

_J 
w 
a: 
a: 
<( £I) ........ 
t/7 
� 

(/) I-
w 
(/) 
(/) 
<( 
_, 
<( 
z -
C) 
a: 
0 

2500 �-
-----------------------------------------------------------. 

2000 

1 500 

1 000 

500 

I r I 
:2 

cd /  
�/). ,��� If ....... 

' .... y· , �  I , . I �  / '  I 

//· ·  ' ....... , �  

/\ 
'\ 

" 

0 L---�--�--�--�---L---L---L--�--�--�----�--�--�� 
0 2 4 6 8 1 0  1 2  

COMPLEX ITY FACTOR 

Figure 1 2. 1 978 Gross Fixed Assets as a Function of Complexity-
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TABLE 52  

January 1 ,  1 9 7 9 , Refinery Assets By  Refinery Complexity 

Complexity 
1-3 3-5 5-7 7-9 9-1 1 1 1+ Total 

-- -- -- -- -- --

Weight Average Complexity 1 . 60 4 .  37 6 . l l 7 . 80 10 . 04 13 . 28 7 . 24 

Number of Re fineries 61  30 47 36  13  1 1  198  

Crude Charge Capaci t y ,  MB/D 943 1 , 1 86 5 , 21 5  5 , 285  1 , 487 1 , 285 15 , 401 

Percentage of Total Capacity* 72 . 1  81 . 3  96 . 9  88 . 7  100 . 0  100 . 0  91 . 2  

Gross  Fixed As se ts  
MM$ 6 7 5  1 , 300 6 , 61 1  7 , 507 2 , 67 9  2 , 092 2 0 , 86 5  

f-' $ / barrel/ day 7 1 5  1 , 096 1 , 267  1 , 420 1 , 800 1 , 62 8  1 , 354 
f-' \.0 Replacement Co stst 

MM$ 1 , 521 2 , 267 1 5 , 370 2 1 , 623 6 , 329  4 , 936 53 , 045 
$ /barrel/day 1 , 706 2 , 7 92 3 , 47 5  4 , 1 88 4 , 522 4 , 166 3 ,  7 2 7  

Ratio Replacement Co st  t o  
Gross  F ixed Assets  2 . 25 2 . 50 2 . 30 2 . 88 2 . 36 2 . 36 2 . 54 

*Part I I  respondents d ivided by u . s .  totals . 
tReplacement cost  data were submitted for 186 refineries ,  having 14 , 330 MB/D of  crude charge capacity . 



T a b l e  5 2  a l so i nd i c a t e s  tha t the o r i g i n a l  co s t  and repl ac ement 
co s t  g e n e r a l ly i nc r e a s ed w i th the compl ex i ty f ac tor of the  re f i n
e ry , r ang i ng f rom $ 7 1 5  t o  $ 1 , 8 0 0  p e r  barre l o r i g i n a l  c o s t  and 
$ 1 , 7 0 6  to $ 4 , 5 2 2  per barrel re p l a c ement cost . 

Th i s  c hapter add re s s ed cr ud e  o i l cos ts , opera t ion co s ts , c om
b ined c r ud e  o i l  and operat ion costs , a nd re f i ne ry a s s e t s on bo th a 
company bas i s  ( ag g r e g a t ed by s i ze rang e )  and on a re f i nery bas i s  
( agg reg ated by c omp l e x i ty , l oc at i on , a nd s i ze ) . Ta b l e s  5 3 ,  5 4 , a nd 
5 5  prov i d e  d emog raph i c  d a ta for the respond e n t s  to Part I I .  

1 2 0  



TABLE 53 

January 1 ,  1 97 9 , Refining Capacity  Di s tribution 
By Process  Complexity For Part I I  Respondents 

( Figures Shown Are Aggregate Capacity (MB/D)  wi th 
Number of Reporting Refineries in Parenthe ses ) 

Complexity 

Under 3 3-5 5-7 7-9 9-1 1  1 1+ Total 
-- -- -- -- -- --

Weight 
Average 

Complexity 1 . 60 4 . 37 6 . 1 1 7 . 80 10 . 04 13 . 28 7 . 24 

S ize ( MB /D )  

0- 1 0  2 . 2 1 198  32 0 * 0 * 245 I-' 
(34 ) ( 5 ) (41 ) N 

I-' 

10- 30 3 . 45 503 236 193 * * 0 9 90 
( 2 6 ) ( 1 1 )  ( 1 0 )  ( 4 9 )  

30- 50 5 . 38 * 428  356 2 1 7  * * 1 , 352 
( 10 ) ( 8 )  ( 5 )  ( 31 ) 

50-100 7 . 78 * * 927 6 91 234 3 1 6  2 , 407 
( 14 )  ( 1 0 )  ( 3 )  ( 4 )  ( 34 )  

100-1 75  8 . 46 0 * 1 , 07 1  * 688 510 3 , 084 
( 8 )  ( 6 ) ( 4 )  ( 24 )  

175+ 7 . 57  0 * 2 , 668 3 , 603 * * 7 , 3 67 
( 7 )  ( 1 3 )  ( 2 4 )  

Total 7 . 24 988 1 , 186 5 , 2 15 5 , 285 1 , 487  1 , 285 1 5 , 445 
( 6 6 )  ( 30 )  (47 ) ( 3 6 )  ( 1 3 )  ( 1 1 )  ( 203 ) 

*Withheld to protect confidentiality of  particinant� . 



TABLE 54 

January 1 ,  1 97 9 ,  Refining Capacity Distribution 
By Proces s Complexity and Refinery Location 

For Part II  Respondents  
( F igures Shown Are Aggregate Capacity (MB/D) with 
Number of Reporting Refineries in Parentheses) 

Complexity 
Geographic 

Area Under 3 3-5 5-7 7-9 9-11 1 1+ Total 
-- -- -- -- -- --

Weight 
Average 

Complexity 1 . 60 4 . 37  6 . 1 1  7 . 80 1 0 . 04 1 3 . 28 7 . 24 

PAD I 7 . 08 1 1 1  * 826 * * * 1 , 85 7  
1--' ( 9 )  ( 6 ) ( 2 6 ) 
N 
N 

PAD II 7 . 14  83  331  1 , 345  1 , 497 * * 3 , 7 1 8  
( 10 )  ( 8 )  ( 1 8 )  ( 1 2 )  ( 53 ) 

PAD III 7 . 3 8  304 5 7 5  2 , 1 7 2  2 , 268 660 570  6 , 549  
( 2 4 )  ( 9 )  ( 1 2 )  ( 1 2 )  ( 4 )  ( 4 )  ( 6 5 )  

PAD IV 5 . 16 102 * 182  * * 0 5 1 6  
( 5 )  ( 6 )  ( 20 ) 

PAD v 7 . 52  387 107 690 815 358 449 2 , 806 
( 1 8 )  ( 3 )  ( 5 )  ( 5 )  ( 4 )  ( 4 )  ( 3 9 ) 

Total 7 . 24 988  1 , 1 86 5 , 21 5  5 , 285  1 , 487  1 , 285  1 5 , 445  
( 6 6 )  ( 3 0 )  (47 ) (36 ) ( 13 )  ( 1 1 )  ( 203 ) 

*Withheld to protect confidential ity o f  partic ipants . 



TABLE 55 

January 1 ,  1 97 9 ,  Refinery Capacity Distribution 
By Refinery S ize and Location for Part II  Respondents 

( Figures Shown Are Aggregate Capacity (MB/D ) with 
Number of Reporting Refineries in Parentheses ) 

Refinery Location 
PAD PAD PAD PAD PAD 

I II III IV v Total 

Weight 
Average 

Complexity 7 . 08 7 . 14 7 . 38 5 . 1 6  7 . 52 7 . 24 

Size (MB/D) 

0- 10 2 . 21  45 43 86 27  45 245 
( 7 )  ( 8 )  ( 1 5 )  ( 5 )  ( 6 ) ( 4 1 ) 

10- 30 3 . 45 98 197  348 131 2 1 6  990 
( 6 ) ( 10 )  ( 16 )  (7 )  ( 1 0 )  (49 ) 

30- 50 5 . 38 t 460 276  * * 1 , 352  
( 1 0 ) ( 7 ) ( 3 1 )  

50-100 7 . 78 * 810 659  * * 2 , 407 
( 1 2 )  ( 9 )  ( 34 )  

100-175  8 . 46 644 1 , 170 484 0 787  3 , 084 
( 4 )  ( 9 )  ( 4 )  ( 7 )  ( 24 ) 

175+ 7 . 57 * 1 , 038  4 , 697 0 * 7 , 367 
( 4 )  ( 1 4 )  (24 ) 

To tal 7 . 24 1 , 857 3 , 718  6 , 549  516  2 , 806 1 5 , 445 
( 2 6 )  ( 5 3 )  ( 6 5 )  ( 2 0 )  ( 3 9 )  ( 203 ) 

*Withheld to pro tect conf ident iality of part icipant s .  
tReclass ified to protect confidential ity . 

1 2 3  



C HAPTER THRE E 

ADD I T I ONAL FAC I L I T I ES TO ME ET THRE E ALTERNATE SUPPLY/DEMAND CAS ES 

New f a c i l i t i e s  beyond those f i rm l y  c ommi t ted to be i n s tal l ed as  
of  January 1 ,  1 9 8 2 , wh ich wou l d  be req u i r ed under the fo l l owi ng 
three scenar i o s , we re r e ported in the s urvey : 

• Proc e s s  ad d i t ional h igh s u l f ur c r ud e  o i l  eq u i val e n t  to a t  
l e a s t  2 0  pe rcent o f  the to tal c rud e o i l  capa c i ty b ased on 
the 1 9 8 2  pro j e c t ions reported in r e s ponse  to Part I of th i s  
s ur vey 

• I nc r e a s e  produc t ion of  two d i f f erent g rad e s  ( 8 7  a nd 8 9  R+M/ 2 
of  un l e aded g a so l i ne to 9 0  percent of  the pro j e c ted to t a l  
1 9 8 2  ga so l i n e  poo l  repor ted i n  r e s po ns e  to Pa r t  I o f  th i s  
s urvey 

• I ncrease prod uc t i on o f  l ow s u l f ur h e avy f ue l  o i l  ( 0 . 7 wt % )  
by 2 5  pe r c e n t  of the to tal heavy f ue l  o i l  pr oj e c ted for 1 9 8 2  
and r e por ted i n  Part I o f  the s urvey . 

Re s ponses  i nd i c a t i ng n ew f a c i l i t ie s  r eq u i red to proce s s  more 
h ig h  s ul f ur crud e o i l  were rece ive d from comp an i e s  own ing 1 4 7  re
f i ner i e s  w i th a to t a l  c apac i ty of 1 5 , 0 0 4  M B/D , r e pre s e n t i ng abou t 
7 8 . 4  pe rcent o f  tot a l  capa c i ty and 5 0 . 9  pe rce n t  of  u . s .  r e f i ner i e s . 

Re f i ne r i e s  w i th a total c apac i ty of  1 5 , 2 0 7  M B/D , r epr e s e n t i ng 
abou t 7 9 . 5  pe rcent o f  to tal  capac i ty and 5 4 . 3  pe r c e n t  o f  u . s .  re
f iner ie s , compl e t ed the  un l ead ed ga so l i n e  po rt ion o f  th e s urvey . 

Re spo ns e s  ind i ca t i ng new f a c i l i t i e s  req u i red to pr oduc e l ow 
s u l f ur f ue l  o i l  we re rece i ved from compan i e s  own i ng 1 4 8  re f ine r i e s  
w i th a total c apac i ty o f  1 4 , 0 2 7 MB/D , r epr e s e n t i ng abou t 7 3 . 3  pe r
cent  of to t a l  c apac i ty and 5 1 . 2  pe rcent of U . S .  r e f i n e r i e s .  

1 2 5  



I NC REAS ED H I GH SULFUR C RUDE O I L  PROC ES S I NG CAPA BI L I TY 

The s uppo r t i ng d a ta for the fol low i ng d i s c u s s i o n  of  i nc re a s e d  
h i gh s u l f ur c r ude o i l  proce s s i ng c apab i l i ty are  ag g r e g a ted b y  r e 
f i n e ry s i z e  i n  Tabl e s  5 6 , 5 7 , a nd 5 8 ;  b y  r e f i n e ry l ocat i on i n  
Tabl e s  5 9 ,  6 0 ,  and 6 1 ; by re f i ne ry compl e x i ty i n  T a b l e s  6 2 ,  6 3 , and 
6 4 ; a nd by compa ny s i z e  in Tab l e s  6 5 , 6 6 , and 6 7 . I n  ad d i t i on , 
Tab l e s  6 8 , 6 9 , 7 0 ,  7 1 , 7 2 , a nd 7 3  prov ide d emog raph i c  d a t a  on th e 
n umbe r and capa c i ty o f  r e f ine r ie s  re s po nd i ng to P a r t  I I I  o f  the 
s urvey . 

Re f i ners  wer e  reque s ted to id e n t i fy and s i ze the add i t i o n a l  
f ac i l i t i e s  nece s s ary t o  i ncrease t h e  c ap abi l i ty to pro c e s s  l ig h t  
a nd he avy ( und e r  a nd o ve r  1 5  pe rcent 1 0 5 0 ° F+ re s i d ua l ) h i g h  s u l f ur 
( ove r 1 percent s ul f ur )  c rud e o i l  by a t  l e a s t  2 0  p e r c e n t  o f  e x 
pec ted 1 9 8 2  c r ud e  o i l  proce s s i ng c apac i ty .  Re s pons e s  r e po r t i ng 
s uch f ac i l i t ie s  we re r e c e ived f rom comp a n i e s  repr e s e n t ing 1 4 7  re
f i ner i e s  w i th a comb i ned c r ude o i l  c apac i ty of 1 5 , 0 0 4  M B/D ( a s of 
J a nu a ry 1 ,  1 9 8 2 ) .  Th i s  repr e s e n t s  about 7 8  p e r c e n t  of t o t a l  c a pac
i ty and 51 pe r c e n t  o f  u . s . re f i ne r i e s . Ba s e d  on the re s pond e n t s ' 
e xpec ted 1 9 8 2  c apa c i ty , th i s  repr e s e n t s  a n  i n c r e a s e  of  a t  l e a s t  
3 , 0 0 0  M B/D over the 6 , 14 0  M B/D o f  h igh s u l f ur and 2 , 3 9 9  M B/D o f  
med i um s ul f ur crude runs pro j e c t ed f o r  1 9 8 2  i n  Pa r t  I o f  t h e  s ur
vey . To accomp l i sh the a s s umed c r ude o i l  g rade s ubs t i t u t ion u s i ng 
p r ima r i l y  heavy h ig h  s ul f ur c rude o i l , mod i f i c a t ions o r  add i t i o n s  
wo uld be pla nnned a t  1 0 8  r e f i ne r i e s  w i t h  a c omb i ne d  Ja nuary 1 ,  1 9 8 2  
c apac i ty o f  1 1 , 4 6 9  MB/D . Th i s  repr e s e n t s  6 0 . 0  p e r c e n t  o f  t o t a l  
c apac i ty and 3 7 . 4  pe r c e n t  o f  U . S .  re f i n e r i e s  a s  o f  January 1 ,  1 9 8 2 . 

The mos t  s ig n i f i c a n t  proce s s i ng c apab i l i ty i nc r e a s e s  requ i red 
were for d e s u l f ur i z a t ion , s ul f ur p l a n t  and t a i l  g a s  c l e anup , hyd ro
gen man u f a c t ur e , and re s i dual  conve r s i o n  ( pr imar i ly cok i ng ) .  
I n creas i ng l ig h t  h ig h  s u l f ur crud e  o i l  proc e s s i ng c apab i l i ty by a t  
l e a s t  2 0  percent wo uld requ ire  2 , 3 6 2  M B/D o f  v a r i o u s  d e s u l f ur i z a 
t ion f ac i l i t i e s  ( n aphth a , d i s t i l la t e , c a t a ly t i c  cracke r f e ed , h e avy 
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TABLE 56 

Additional Facilities Necessary to Increase 
the Processing of Light High Sulfur Crude Oil by At Least 20 Percent 

Beyond Facilities Committed to Prior to January 1 ,  1982 
( Capacities Aggregated in MB/D) 

Refinery Size  ( MB /D )  
Process Type 0-10 10-30 30-50 50-100 100-175  175+ Total 

1 .  Desulfurization Facilities 

Naphtha 20 20 52 82 95 128  398  
Distillate 22 52 70 285 246 603 1 , 279  
HFO 21  5 1  4 5  3 1 4  1 2 1  1 34 685 

2 .  Sulfur Plant and Tail Gas 
(LT/D) 281 299 299 1 , 362 833 1 , 453 4 , 527  

3 .  Vacuum Distillation 15  22 22 1 1 1  4 2  1 7 1  382 

4 .  Tankage (Mbbl) 1 , 415 751  1 , 090 1 0 , 950 2 , 090 4 , 520 20 , 81 6  

5 .  Res idual Conversion * * 20 20 29 * 190 

6 .  Reforming 26 10 * 44  * 65  199  

7 .  Isomerization * * * * * 50  

8 .  Hydrogen Manufacture (MMCF/D) t 50 54 135  173  1 1 9  531  

9 .  Catalytic Cracking * 82 * * 142  

10 .  Coking ( ST/D )  * * 5 , 970  

1 1 .  Crude Atmospheric Dist illation 37 54 291  2 1 9  60 1 

1 2 .  Vis breaking * * 2 6  

1 3 .  Treating * * 14  31  

1 4 .  Refineries Reporting 
Above Added Facilities 

1982 Crude Oil Capacity 39 464 632 1 , 73 8  2 , 138  5 , 3 98 1 0 , 408 
1982 Crude Oil Throughput 35 408 563 1 , 690 1 , 997  5 , 095  9 , 788 
Number of Refineries 5 21  14  23  16  1 6  9 5  

15 . As sociated Refining Systems 

1 982 Crude Oil Capacity 45 635 862 2 , 532 2 , 826 6 , 977  13 , 878  
1982 Crude Oil  Throughput 41  542 773  2 , 43 7  2 , 614  6 , 598 1 3 , 005 
Number of Re fineries 6 29  1 9  35 22  22  1 33 
20 Percent Increase in 

High Sulfur Crude 
Capability 9 127 172  506 565 1 , 396 2 , 77 6  

*Entry withheld to protect confident iality . 
tMerged with adjacent higher size cat egory to protect confidentiality . 
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TABLE 57 

Additional Facilities Necessary to Increase 
the Processing of Heavy High Sulfur Crude Oil by At Least 20 Percent 

Beyond Facilities Committed to Prior to January 1 ,  1982  
( Capacities Aggregated in  MB/D )  

Refinery Size  (MB/D)  
Process Type 0-10 10-30 30-50 50-100 100-175  175+ Total 

1 .  Desulfurization Facilities 

Naphtha 20 15  41  78  32  1 15 300 
Distillate 23 46 67 295 257 628 1 , 316  
HFO 23 45 52 356 1 90 236 902 

2 .  Sulfur Plant and Tail Gas 
(LT/D) 286 1 30 469 1 , 650 1 , 327  2 , 415  6 , 27 7  

3 .  Vacuum Distillation 22 26 47  134  111  234 574 

4 .  Tankage (Mbbl) 1 , 432 1 , 176  1 , 125 1 0 , 295 1 , 340 5 , 040 2 0 , 408 

5 .  Residual Conversion * * 30 51  55 143 288 

6 .  Reforming 24 10 10 42 t 86 172  

7 .  I somerization * * * * * * 48  

8 .  Hydrogen Manufacture ( MMCF/D) 14 56 70 185 272  191 788 

9 .  Catalytic Cracking 12  * 100 23  * 183  

10 .  Coking ( ST/D) * * 1 0 , 989 

1 1 .  Crude Atmospheric Dist illation 23 53 298 219  593  

1 2 .  Vis breaking * * 43  

1 3 .  Treating * * 2 3  

1 4 .  Refineries Reporting 
Above Added Facilities 

1982 Crude Oil Capacity 47 395 641 1 , 996 2 , 002 5 , 763 10 , 842 
1982 Crude Oil Throughput 40 359 566 1 , 925 1 , 872  5 , 396 1 0 , 159  
Number of Refineries 6 18  14  28  15  17  98  

1 5 .  As sociated Refining Systems 

1 982 Crude Oil Capacity 53 566 921  2 , 7 90 2 , 706 7 , 342 14 , 377  
1 982 Crude Oil Throughput 46 4 94 826 2 , 67 1  2 , 505 6 , 899 1 3 , 441  
Number of Refineries 7 26 20 40 2 1  2 3  137 
20 Percent Increase in 

High Sulfur Crude 
Capability 1 1  113  1 84 558 541 1 , 468 2 , 875  

*Entry withheld to protect confident iality . 
tMerged with adjacent higher size category to protect confidentiality . 

1 2 8  



TABLE 58 

Add itional Facilities Necessary to Increase 
the Processing of Light or Heavy High Sulfur Crude Oil 

( Capacities Aggregated in MB/D ) 

Refinery S ize ( MB /D )  
Factors 0-10 10-30 30-50 50-100 100-175  1 7 5+ Total 

1 .  Metallurgy Adequate? 

• As sociated Crude Charge 
Capacity 

Yes 31  179  360  1 , 440 1 , 351  2 , 601 5 , 963 
No 48 264 377  530 1 , 067 2 , 493 4 , 740 

• As sociated Number of 
Refineries 

Yes 5 7 8 1 9  1 0  8 57 
No 6 12 9 7 8 7 49  

2 .  Permits Likely for These 
Facilities? 

• As sociated Crude Charge 
Capacity 

Yes 52 354 * 1 , 464 1 , 228  * 8 , 536 
No 21  1 00 * 316  902 * 1 , 782 

• Number of Refineries 

Yes 6 16  * 20 9 * 7 9  
No 4 5 * 4 7 * 22 

3 .  Lead Time Required 

• As sociated Crude Capacity 52 354 698 1 ,  7 16  1 , 619  4 , 282 8 ,  720 

• Number of Months 30 36 41  43 51 56 43 

4. Likelihood of Ins tallation 

• As sociated Crude 
Capacity 

Low 29 283 469 1 , 125  1 , 396 4 , 1 97 7 , 4 98 
Medium * 96 180 672 635 * 2 , 3 16 
High * * * * * * 621 
Imposs ible * * * * * * 564 

• Number of Refineries 

Low 4 13  11  15  10 12 66  
Medium * 4 4 9 5 * 28 
High * * * * * * 7 
Impo ssible * * * * * * 7 
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TABLE 58 ( continued) 

5 .  Refineries Reporting Above 
Added Fac ilities 

1 9 82 Crude Capacity 47 395 641 1 , 996  2 , 002 5 , 763 1 0 , 842  
1982 Crude Throughput 40 359 566 1 , 925 1 , 872  5 , 396 10 , 159 
Number of Refineries 6 18  14  28 1 5  1 7  9 8  

6 .  As sociated Refining Systems 

1 9 82 Crude Capacity 53 566 921 2 , 790 2 , 706 7 , 342 1 4 , 37 7  
1 982 Crud e Throughput 46 4 94 826 2 , 67 1  2 , 505 6 , 899  13 , 44 1  
Number of Refineries 7 26 20 40 21 23 137 
20 Percent Increase in High 

Sulfur Crude Capability 1 1  113  1 84 558 54 1 1 , 468 2 , 875  

7 .  Refineries Providing Only 
Qualitative Responsest 

Number of Refineries 21  1 7  1 1  * * 3 55 
1 9 82 Crude Oil Capacity 126 310  447 * * 748 1 , 993  
1982 Crude Oil  Runs 1 1 8  265 361  * * 670  1 , 740 

8 .  System Responses Requiring 
Facilities for Heavy High 
Sul fur Crude Oil ,  but no t 
Light High 

Number of Ref ineries * * * 6 * * 1 4  
1 982 Crude Oil Capacity * * * 337 * * 1 , 126  
1982 Crude Oil Runs * * * 3 1 3  * * 1 , 030 

9 .  System Responses for Light 
High Sul fur Crude Oil Only 

Number of Refineries * 4 * * 3 0 10 
1982 Crude Oil Capacity * 88 * * 414  627  
1 982 Crud e Oil  Runs * 66 * * 389 579 

*Data withheld to protect conf identiality . 
tNot included in aggregation of responses to Sections 1 -6 above . 
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TABLE 59 

Additional Facilities Necessary to Increase 
the Processing of Light High Sulfur Crude Oil by At Leas t 20 Percent 

B eyond Facilities Committed to Prior to January 1 ,  1982 
( Capacities Aggregated in MB/D )  

Geographic Area (PAD ) 
Process Type I I I  I I I  IV 

Desul furization Fac il ities 

Naphtha t 145 204 1 7  
Distillate 70 331  785 1 5  
HFO 89 120 392 8 

Sulfur Plant and Tail Gas 
(LT/D) 388 1 , 1 15  2 , 578  36  

Vacuum Dist illation 29 1 20 144 t 

Tankage ( Mbbl) 6 , 820 1 , 655 8 , 670  1 , 210  

Residual Conversion * 76  80 * 

Reforming 43 21 98  13  

Isomerization * * * 

Hydrogen Manufac�ure ( MMCF/D) * 201 232 * 

Catalytic Cracking * 50 * * 

Coking ( ST/D )  * * 

Crude Atmospheric Dist illation * 213  228 * 

Vis breaking 26 

Treating 3 1  § 

Refineries Reporting 
Above Added Facilities 

1982 Crude Oil Capacity 661 2 , 430 5 , 61 7  174  
1 9 82 Crude Oil  Throughput 651  2 , 345 5 , 247 146 
Number of Re fineries 6 28  36  7 

Associated Refining Systems 

1 982 Crude Oil Capacity 1 , 373 3 , 812  6 , 41 6  281 
1982 Crude Oil Throughput 1 , 333 3 , 630 5 , 998 234 
Number of Re fineries 1 5  42 43 10 
20 Percent Increase in 

High Sulfur Crud e 
Capability 275 762 1 , 2 83 56 

*Data wi thheld to protect confidentiality . 
tMerged with adjacent higher size cat egory to protect conf identiality . 
§Merged with adj acent lower size category to protect confidentialit y .  
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TABLE 60 

Additional Facilities Necessary to Increase 
the Processing of Heavy High Sulfur Crude Oil by At Least 20 Percent 

Beyond Facilities Committed to Prior to January 1 ,  1982  
( Capacities Aggregated in  MB/D )  

Geographic Area (PAD ) 
Process Type I I I  I I I  IV v Total 

1 .  Desulfurization Facilities 

Naphtha 48 49 162 17 25  300 
Distillate 67 334 787 14  115  1 , 3 16  
HFO 132 181 500 9 79  902 

2 .  Sulfur Plant and Tail Gas 
(LT/D) 540 1 , 475 3 , 482 54 726 6 , 277  

3 .  Vacuum Distillat ion 39  183 229 21 101 574  

4 .  Tankage ( Mbbl)  7 , 200 1 , 205 8 , 355 1 , 297 2 , 351  20 , 408 

5 .  Residual Conversion * 97 123  * 53 288 

6 .  Reforming 57 t 86 13  17  1 7 2  

7 .  Isomerization * * * * 4 8  

8 .  Hydrogen Manufacture ( MMCF/D) 75 241 403 t 69 788 

9 .  Catalytic Cracking * 53 39 13 * 183  

1 0 .  Coking ( ST /D)  * * * 1 0 , 989  

l l .  Crude Atmospheric Dist illation * 200 234 * * 593  

1 2 .  Vis breaking 43 43 

1 3 .  Treating * * 2 3  

1 4 .  Refineries Reporting 
Above Added Facilities 

1982 Crude Oil Capacity 878 2 , 327 5 , 380 2 1 9  2 , 038  10 , 842 
1982 Crude Oil Throughput 866 2 , 243 5 , 050 1 84 1 , 81 6  1 0 , 159  
Number of Refineries 9 26 34 8 2 1  98  

1 5 . Associated Refining Systems 

1 982 Crude Oil Capacity 1 , 590 3 , 759 6 , 1 7 9  3 2 6  2 , 524 14 , 377  
1982 Crude Oil Throughput 1 , 548 3 , 578 5 , 801 272 2 , 241  13 , 44 1  
Number of Refineries 18 4 1  4 1  l l  2 6  137 
20 Percent Increase in 

High Sulfur Crude 
Capability 318 752 1 , 236  65  505 2 , 87 5 

*Data withheld to pro tect confidentiality . 
tMerged with adjacent higher size category to protect confidentiality . 
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TABLE 61 

Add itional Facil ities Necessary to Increase 
the Processing of High Sulfur Crude Oil 

( Capacities Aggregated in MB/D ) 

Geographic Area (PAD ) 
Factors I II  III  IV v Total 

1 .  Metallurgy Ad equate? 

• As sociated Crud e Charge 
Capacity (MB/D ) 

Yes * 1 , 074 2 , 222 * 1 , 739  5 , 963 
No * 1 , 349 2 , 897 * 237 4 , 740 

• As sociated Number of 
Refineries 

Yes * 12 17  * 16  57 
No * 1 8  1 9  * 6 49 

2 .  Permits Likely for These 
Facilities? 

• As sociated Crude Charge 
Ca pacity 

Yes * 1 , 812  4 , 836 * 1 , 152  8 , 536 
No * 456 375  * 781  1 , 782 

• Number of Refineries 

Yes * 22 3 1  * 13 79 
No * 5 6 * 8 22 

3 .  Lead Time Required 

• Refinery Crude Capacity 538 2 , 282 4 , 685 199  1 , 016  8 ,  720 

• Number of Months 37  46 44 34 42  43 

4 .  Likelihood o f  Ins tallation 

It Refinery Crude Charge 
Capacity 

Low 662 1 , 840 3 , 585 80 1 , 331  7 , 488 
Medium 145 * 1 , 14 5  * * 2 , 316  
High * * * 621 
Imposs ible * * * 246 564 

• Number of Refineries 

Low 6 24 22 4 10  66  
Med ium 3 * 1 1  * * 28 
High * * * 7 
Impossible * * * 4 7 
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TABLE 61 ( continued) 

5 .  Refineries Reporting Above 
Added Facilities 

1982 Crude Capacity 878 2 , 327 5 , 380 219  2 , 038  1 0 , 84 2  
1982 Crude Throughput 866 2 , 243 5 , 050 1 84 1 , 8 1 6  10 , 159  
Number of Refineries 9 26 34 8 21  98  

6 .  As sociated Refining Systems 

1982 Crude Capacity 1 , 5 90 3 , 759  6 , 1 79  326 2 , 524 1 4 , 37 7  
1982 Crud e Throughput 1 , 548 3 , 578  5 , 801 272  2 , 24 1  13 , 44 1  
Number o f  Ref ineries 18 4 1  41  11  26 137 
20 Percent in High Sulfur 

Crude Capacity 318 752  1 , 236 65 505 2 , 87 5 

7 .  Refineries Providing Only 
Qualitative Responsest 

Number of Refineries 6 8 21  1 1  9 5 5  
1982 Crude Oil Capacity 353 138 1 , 03 7  236 228 1 , 99 3  
1982 Crude Oil Runs 321 122 926 215 156  1 , 740 

8 .  System Responses Requiring 
Facilities for Heavy High 
Sulfur Crud e Oil ,  but no t 
Light High 

Number of Refineries 3 * 3 * 5 1 4  
1982 Crud e Oil Capacity 2 1 8  * 437 * 365  1 , 126 
1982 Crude Oil Runs 215  * 420 * 306 1 , 030 

9 .  System Responses for Light 
High Sulfur Crude Oil Only 

Number of Refineries 0 3 4 0 3 10 
19 82 Crude Oil Capacity 165  348 113  627 
1982 Crude Oil Runs 164 302 1 1 3  579 

*Data wi thheld to protect confidential ity . 
tNot included in aggregation of responses to Sections 1-6 above . 
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TABLE 62 

Addi�ional Facilities Necessary to Increase 
the Proces sing of Light High Sulfur Crude Oil by At Least 20 Percent 

Beyond Facilities Committed to Prior to January 1 ,  1 982 
( Capac ities Aggregated in MB/D) 

Complexity Factor 
Process Type 0-3 3-5 5-7 7-9 9-11  

Desulfurization Facilities 

Naphtha 29  12 233 53 t 
Dist illate 47 64 529 351  110  
HFO 48 75 198  311  § 

Sulfur Plant and Tail Gas 
(LT/D) 527 327 1 , 429 1 , 51 9  233 

Vacuum Distillat ion 26 24 123 173 § 

Tankage ( Mbbl) 1 , 105 1 , 93 1  10 , 685 3 , 380 1 , 165  

Residual Conversion 14 * * 88  * 

Reforming 29 12 99  48  * 

I somerization 4 1  * 

Hydrogen Manufacture ( MMCF/D) 28 43 1 7 1  166  62  

Catalytic Cracking 7 1  5 0  * 

Coking ( ST/D) * * 

Crude Atmospheric Dist illat ion * * 288 220 * 

Vis breaking * * * 

Treating * * 

Refineries Reporting 
Above Added Facilities 

1 982 Crude Oil Capacity 336 594 3 , 930 3 , 650 740 
1982 Crude Oil Throughput 283 572 3 , 707 3 , 44 9  691 
Number of Refineries 13 1 3  2 9  2 5  8 

As sociated Refining Systems 

1 982 Crude Oil Capacity 402 776  5 , 07 6  5 , 130 1 , 234 
1982 Crude Oil Throughput 323 741 4 , 809 4 , 814 1 , 161  
Number of Refineries 17 1 6  45 35  12  
20 Percent Increase in 

High Sulfur Crude 
Capability 80 155 1 , 01 5  1 , 026 247  

*Entry wi thheld to protect confident iality . 
tMerged with adjacent higher size category to protect conf ident iality . 
§Merged wi th ad jacent lower size category toprotect confidentiality . 
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TABLE 63 

Additional Facilities Necessary to Increase 
the Processing of Heavy High Sulfur Crude Oil by At Least  20 Percent 

B eyond Facilities Committed to Prior to J anuary 1 ,  1 9 82 
( Capacities Aggregated in MB/D) 

Complexity Factor 
Process Type 0-3 3-5 5-7 7-9 9-11 

Desulfurization Facilit ies 

Naphtha 1 8  1 0  161  46 t 
Dis t illate 39 53 547 376  102 
HFO 48 89  326 374  § 

Sulfur Plant and Tail Gas 
(LT/D) 358 382 2 , 355  2 , 024 372  

Vacuum Dist illation 26 40 200 197  37  

Tankage ( Mbbl) 1 , 485 1 , 503 9 , 380 3 , 625  1 , 365  

Residual Convers ion 1 6  t 38 1 1 6  2 0  

Reforming 1 7  1 2  93 4 1  * 

Isomeri zation * 40 * 

Hydrogen Manufacture ( MMCF/D )  4 1  63 252 250 76 

Catalytic Cracking * * 87 53 5 

Coking ( ST /D )  * * 

Crude Atmospheric Dist illation 22 * 281 220 * 

Vis breaking * * * 

Treating * * 

Refineries Reporting 
Above Added Facil ities 

1982 Crude Oil Capacity 3 1 1  433 3 , 758 4 , 33 7  7 8 5  
1 9 82 Crude Oil Throughput 276 416  3 , 526 4 , 07 0  729 
Number of Refineries 13 1 2  26  30 9 

As sociated Re fining Systems 

1 982 Crude Oil Capacity 377  615  4 , 904 5 , 7 60 1 , 279  
19 82 Crude Oil  Throughput 316  585 4 , 628 5 , 3 9 1  1 , 200 
Number of Refineries 1 7  1 5  42  40  1 3  
2 0  Percent Increase in 

High Sulfur Crude 
Capability 75 1 23 981 1 , 152  256 

*Entry wi thheld to protect confidentiality .  
tMerged with adjacent higher size cat egory to protect confidentiality . 
§Merged with adj acent lower size category to protect confidential ity . 
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TABLE 64 

Additional Facil it ies to Increase 
the Process ing of High Sulfur C rude Oil  

Complexity Factor 
Factors 0-3 3-5 5-7 7-9 9-1 1 11+ Total 

1 .  Metallurgy Adequate? 

• As sociated Crude Charge 
Capac ity 

Yes 102 470 2 , 07 1  2 , 447 * * 5 , 963 
No 243 1 9 1  2 , 110  1 , 570 * * 4 , 7 40 

• As sociated Number of  
Re fineries 

Yes 8 8 15  1 6  * * 57 
No 12  6 14  11  * * 49 

2 .  Permits Likely for These 
Facil it ies? 

• As sociated Crude Charge 
Capacity 

Yes 281 * 3 , 149  3 , 144 * 601 8 , 536 
No 112  * 765 593 * 195 1 , 782 

• Number of Refineries 

Yes 14 * 23 21  * 3 79 
No 8 * 4 5 * 3 22 

3 .  Lead Time Required 

• Refinery Crude Capac ity 281 652 3 , 269 2 ,  911 885 721 8, 720 

• Number of Months 33 39  46  47  48  44 43 

4 .  Likelihood of Ins tallat ion 

• Refinery Crude Capacity 

Low * 316 3 , 583 2 , 37 1  546 * 7 , 498 
Med ium * * 316  823 299 * 2 , 316  
High * * * * * 621  
Impossible * * * * 564 

• Number of Refineries 

Low * 7 20 15  4 * 66 
Medium * * 5 8 3 * 28 
High * * * * * 7 
Impossible * * * * 7 

1 3 7  



TABLE 64 ( cont inued)  

5 .  Re fineries Re porting Above 
Added Fac ilities 

1 9 82 Crude Capacity 311  433 3 , 7 58 4 , 337 785 1 , 219  1 0 , 842 
1 982 Crud e Throughput 276 416  3 , 526 4 , 070  729  1 , 14 1  10 , 159  
Number of Refineries 13 12 26 30 9 8 98 

6 .  As sociated Refining Sys t ems 

1 9 82 Crude Capacity 377  615 4 , 904 5 , 760 1 , 2 7 9  1 , 442 1 4 , 3 7 7  
1 982 Crude O i l  Throughput 3 1 6  585 4 , 628 5 , 391 1 , 200 1 , 321  13 , 441  
Number of Refineries 17 15 42 40 13 10 137 
20 Percent in High Sulfur 

Crude Capability 75 123 981 1 , 152  256 288 2 , 87 5 

7 .  Refineries Providing Only 
Qual itative Re sponsest 

Number of Refineries 31 11 8 * * 55  
1 9 82 Crude Oil Capacity 437 245 566 * * 1 , 993  
1 982 Crude Oil  Runs 346 215  503 * * 1 , 740 

8 .  System Responses Requiring 
Fac ilities for Heavy High 
Sul fur Crud e Oil ,  but not 
Light High 

Number of Refineries 4 0 * 6 * * 14  
1 982 Crud e Oil Capacity 77  * 873 * * 1 , 126 
1 9 82 Crude Oil Runs 72 * 802 * * 1 , 030 

9 .  System Responses for Light 
High �ulfur Crud e Oil Only 

Number of Refineries 4 * 4 * 0 0 10 
1 982 Crude Oil Capacity 102 * 244 * 627 
1982 Crude Oil Runs 79  * 242 * 579  

*Data wi thheld to protect confid ential ity .  
tNot included i n  aggregation o f  responses to Sections 1-6 above . 
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TABLE 65 

Additional Facilities Necessary to Increase 
the Processing of Light High Sulfur Crude Oil by At Least  20 Percent 

Beyond Facilities Committed to Prior to January 1 ,  1 9 82 
( Capacities Aggregated in MB/D) 

Company Size  (MB/D)  
Process Type 0-10 10-30 30-50 50-100 100-1 75  1 7 5+ Total 

1 .  Desulfurization Facilities 

Naphtha 14 20 * 37 * 2 97 398 
Distillate 18 41 26 88 44 1 , 062 1 , 279 
HFO 21 43 3 43 73 503 685 

2 .  Sulfur Plant and Tail Gas 274 286 9 5  334 233 3 , 305 4 , 527 
(LT/D) 

3 .  Vacuum Distillation * 22 * 28  * 303 382 

4 .  Tankage (Mbbl) 665 1 , 166 * 2 , 270 t 1 6 , 535  20 , 81 6  

5 .  Residual Conversion * * 21  * 151  190 

6 .  Reforming 20 10 8 10 1 5 1  199  

7 .  I somerization * 47 50 

8 .  Hydrogen Manufacture (MMCF/D) 45 13 61 25 387 53 1 

9 .  Catalytic Cracking * * * 116  142  

1 0 .  Coking ( ST/D) 5 , 970  5 , 97 0  

1 1 .  Crude Atmospheric Distillation * * * 547 601 

1 2 .  Vis breaking * * * 26  

1 3 .  Treating * * * 3 1  

1 4 .  Refineries Reporting Above 
Added Facilities 

1982 Crude Oil Capacity 34 363 291 7 1 6  673  8 , 332 10 , 408 
1982 Crude Oil Throughput 29 324 253 685 618 7 , 880 9 , 788 
Number of Refineries 4 17  6 14 7 47 95 

1 5 .  As sociated Refining Sys tems 

1 982 Crude Oil Capacity 34 363 291 7 5 9  673 1 1 , 7  59  13 , 878  
1 982 Crude Oil  Throughput 29 324 253 723 618 1 1 , 059  1 3 , 005 
Number of Refineries 4 17  6 1 5  7 84 133 
20 Percent Increase in 

High Sulfur Crude 
Capacity 7 73  58  152  135  2 , 352 2 , 776  

*Entry withheld to protect confidentiality . 
tMerged with adjacent higher size category to protect confidentiality . 
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TABLE 66 

Additional Facilities Necessary to Increase 
the Processing of Heavy High Sulfur Crude Oil by At Least 20 Percent 

Beyond Facilities Committed to Prior to January 1 '  1982  
( Capacities Aggregated in MB/D) 

Company S ize (MB/D)  
Process Type 0-10 10-30 30-50 50-100 100-1 7 5  1 7 5+ Total 

1 .  Desulfurization Facilities 

Naphtha 14 12  t 43 28  203 300 
Distillate 19 32 25 85  69 1 , 085 1 , 3 16  
HFO 23 36 t 58 92 693 902 

2 .  Sulfur Plant and Tail Gas t 389 170 446 4 1 1  4 , 861  6 , 277  
(LT/D) 

3 .  Vacuum Distillation 17 22 * 5 9  * 453 57 4 

4 .  Tankage (Mbbl) 682 1 , 566 * 2 , 330 * 1 5 , 100 2 0 , 408 

5 .  Residual Conversion 7 * 30 * 224 288 

6. Reforming 19  7 13  134 172  

7 .  Isomerization t 48 48 

8. Hydrogen Manufacture (MMCF/D) 63 * * 71  41  594  788 

9 .  Catalyt ic Cracking * * 23 * 144 1 8 3  

1 0 .  Coking ( ST/D) t 1 0 , 989 1 0 , 98 9  

1 1 .  Crude Atmospheric Dist illation * * * 547 593 

1 2 .  Vis breaking * * * 43  

1 3 .  Treat ing * * 23  

14 .  Refineries Reporting 
Above Added Facil ities 

1 982 Crude Oil Capacity 41 294 254 808 795  8 , 6 51 10 , 842 
19 82 Crude Oil Throughput 34 275 218 775 735 8 , 122 1 0 , 159  
Number of Re fineries 5 14 5 1 6  9 4 9  9 8  

1 5 .  As sociated Refining Systems 

1 982 Crude Oil Capacity 41 294 304 851  795  12 , 093 14 , 377 
1982 Crude Oil Throughput 34 275  268 813 735 1 1 , 316  1 3 , 441  
Number of  Refineries 5 14 6 1 7  9 86 137 
20 Percent Increase in High 

Sul fur Crude Capacity 8 59 61  170 159  2 , 419  2 , 875 

*Entry withheld to protect confidentiality . 
tMerged with ad jacent higher size category to protect confident iality . 
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TABLE 67 

Additional Facilities Necessary to Increase 
the Processing of High Sulfur Crude Oil  

( Capacities Aggregated in MB/D ) 

Company Size  (MB/D) 
Factors 0-10 10-30 30-50 50-100 100-1 7 5  1 7 5+ Total 

1 .  Metallurgy Adequate? 

• As sociated Crude Charge 
Capacity (MB/D) 

Yes 31  155  * 2 72 * 4 , 817  5 , 963 
No 34 1 64 * 386 * 3 , 843 4 , 740 

• As sociated Number of 
Refineries 

Yes 5 6 * 5 * 32 57 
No 4 10 * 9 * 2 1  49  

2 .  Obtain Necessary Permits? 

• As sociated Crud e Charge 
Capacity 

Yes * 267 * 653 351  7 , 093 8 , 536 
No * 100 * 307 1 , 31 6  1 , 782 

• Number of Refineries 

Yes * 13  * 13  4 4 1  7 9  
No * 5 * 3 9 22 

3 .  Lead Time Required 

• As sociated Crude Capac ity 44 267 1 7 3  4 7 4  550 7 , 034 8,  720 

• Number of Months 31  33 38 36  44 50 43  

4 .  Likelihood of  Installation 

• As sociated Crude Capacity 

Low * 212  * * 499 6 , 352 7 , 498 
Med ium * 96  * 347 291 1 , 461  2 , 3 16  
High * * 621 
Impossible * * * * 564 

• Number of Re fineries 

Low * 10 * * 6 35 66 
Medium * 4 * 5 3 10 28 
High * * 7 
Imposs ible * * * * 7 
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s .  

6 .  

7 .  

8 .  

9 .  

TABLE 67 

Refineries Reporting Above 
Add ed Facilities 

1 982 Crud e Capacity 41 
1 9 82 Crude Throughput 34 
Number of Refineries 5 

As sociated Refining Systems 

1 9 82 Crude Capacity 41 
19 82 Crude Throughput 34 
Number of Refineries 5 
20 Percent in High Sulfur 

Crud e  Capacity 8 

Refineries Provid ing Only 
Qualitative Responses t 

Number of Refineries 14 
1 982 Crud e Oil Capacity 84 
1 9 82 Crude Oil Runs 76  

System Responses Requiring 
Facilities for Heavy High 
Sulfur Crude Oil , but not 
Light High 

Number of Re fineries * 
1 9 82 Crude . Oil Capacity * 
1 982 Crude Oil Runs * 

System Responses for Light 
High Sulfur Crude Oil Only 

Number of Refineries * 
1 982 Crud e  Oil Capacity * 
1 9 82 Crude Oil Runs * 

*Data withheld to protect conf identiality . 
tNot included in Sections 1-6 above . 
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. 294 
275 

14 

294 
275 

14 

59 

1 1  
160 
147 

* 
* 
* 

4 
88 
66 

( cont inued) 

254 808 795 8 , 651 10 , 842 
218  7 7 5  735 8 , 122 1 0 , 159  

5 1 6  9 4 9  9 8  

304 851  795  12 , 093 1 4 , 377 
268 813 735 1 1 , 316  1 3 , 441  

6 1 7  9 86 137 

61 170 159  2 , 41 9  2 , 875 

10 5 0 15 55  
300 110  1 , 340 1 , 993 
214 93 1 , 2 10 1 , 740 

0 * * 6 14 
* * 876 1 , 126  
* * 792 1 , 030 

* 0 0 4 10  
* 492 627 
* 468 579 



TABLE 68 

System Crude Charge Capacity ( MB/D ) and Number of Re fineries 
for Re finers Reporting Additional Fac ili ties Needed to Increase 

the Process ing of Light High Sul fur Crud e Oil by At Least  20 Perc ent  
Beyond Facilities Commit ted to Prior  to January 1 ,  1982 

Refinery S ize  ( MB /D )  
Geographic 
Area (PAD ) 0-10 10 -30 30-50 50 -100 100-1 7 5  1 7 5+ Total 

-- --

I * * 0 438 * 708 1 , 37 3  
( 7 ) (3 ) ( 1 5 )  

II * * 371  957  1 , 051  * 3 , 812  
( 8 )  ( 1 4 )  ( 8 )  ( 42 ) 

III 0 2 60 204 647 940 4 , 366 6 , 41 6  
( 1 1 )  ( 5 ) ( 8 )  ( 7 ) ( 1 2 )  ( 43 ) 

f-' 
-!» 
Vl IV * 113  * 2 81 

( 6 )  ( 10 ) 

v * 118  * 4 91 * * 1 , 997  
( 5 ) ( 6 ) ( 2 3 )  

To tal 45  635  862 2 , 532 2 , 82 6  6 ,  9 7 7  1 3 , 87 8  
( 6 )  ( 2 9 )  ( 1 9 )  (35 ) ( 2 2 )  ( 2 2 )  ( 1 33 )  

*Data wi thheld to pro tec t confidential ity . 



TABLE 69  

Sys tem Crude Charge Capaci ty (MB/D) and Numb er of  Ref iner ies 
for Refiners  Re por ting Additional Facilities Needed to Increase 

the Pr ocess ing of Heavy High Sul fur Crude Oil  by  At Least 20 Percent 
Beyond Faci lities Commit ted to Prior to January 1 ,  1 982 

Refinery Size (MB/D) 
Geographic 
Area ( PAD) 0-1 0  1 0-30 30-50 50-1 00 1 00-1 75 1 75+ Total 

-- -

I 23 * 0 478  * * 1 , 590  
(3 )  ( 8 )  ( 18)  

II  * * 4 2 1  1 , 0 1 9  9 1 9  1 , 3 18 3 , 759  
( 9 )  ( 1 5 )  ( 7 )  ( 5 )  ( 4 1 ) 

III  0 230 1 6 7  7 5 8  659 4 , 366  6 , 1 7 9  
( 1 0) ( 4) ( 1 0) ( 5 )  ( 1 2 )  ( 4 1 )  

f-' 
,j::. 
,j::. IV * * 203 0 0 0 326 

( 4) ( 1 1 )  

v * 1 1 2  1 30 536  * * 2 , 5 2 4  
( 5 )  ( 3 ) ( 7 ) ( 2 6 )  

Total 53 566  92 1 2 , 7 90 2 ,  7 06 7 , 342 1 4 , 3 7 7  
( 7 )  ( 26)  ( 20)  ( 40 )  ( 2 1 )  ( 23 )  ( 1 37 )  

*Data wi thheld t o  protect confidential ity . 



TABLE 70 

Sys tem Crud e Charge Capacity ( M�/D ) and Number s  of Refineries 
for Refiners Reporting Additional Fac ilities Needed 

to Increase Light High Sul fur Crude Oil by At Least  20 Percent 
Beyond Facilit ies Commit ted Prior to January 1 ,  1982 

Complexity Factor 
Refinery 
S ize  (MB/D)  Under 3 3-5 5-7 7-9 9-1 1 1 1+ Total 

-- -- --· -- -- --

0-10 31 * 0 0 * 0 4 6  
( 4 )  ( 6 )  

10-30 213 * 190 * 0 0 635 
( 1 0 )  ( 9 )  ( 2 9 )  

f-' 30-50 * 133 361  181  * * 862 � 
lJ1 ( 3 ) ( 8 )  ( 4 )  ( 1 9 )  

50-100 * * 1 , 074  819 266  2 54 2 , 532  
( 1 6 )  ( 1 1 )  ( 3 )  ( 3 )  ( 35 ) 

100-175  0 3 91 5 50 * 727  * 2 , 82 6  
( 3 )  ( 4 )  ( 6 ) ( 2 2 ) 

1 75+ 0 0 2 , 901 3 , 1 60 * * 6 ,  9 7 7  
( 8 )  ( 1 1 )  ( 2 2 ) 

To tal 402 7 7 6  5 , 07 6  5 , 130 1 , 234 1 , 259  13 , 878  
( 1 7 ) ( 1 6 ) ( 4 5 )  ( 3 5 )  ( 12 )  ( 8 )  ( 1 33 ) 

*Data withheld to protect confidentiality . 



TABLE 71  

System Crud e Charge Capacity ( MB/D ) and Numbers of Refineries 
for Refiners Reporting Addit ional Facilities Needed 

to Increase the Process ing of Heavy High Sul fur Crude Oil by At Least  20 Percent 
Beyond Facilities Commit ted to  Prior to  January 1 ,  1 9 82 

Complexity Factor 
Refinery 
S ize ( MB /D )  Under 3 3-5 5-7 7-9 9-11 1 1+ Total 

-- -- -- --

0-10 38 * 0 0 * 0 53  
( 5 )  ( 7 ) 

10-30 1 7 7  * 157  * 0 0 566  
( 9 )  ( 7 )  ( 2 6 ) 

f-' II'> 30-50 * 133 361  231  * * 921 0"1 
( 3 )  ( 8 )  ( 5 )  ( 2 0 )  

50-100 * * 1 , 067 984 266 314  2 , 7 90 
( 1 6 )  ( 14 )  ( 3 ) ( 4 ) ( 40 )  

100-175 0 * 418  * 727  370 2 , 706  
( 3 )  ( 6 )  ( 3 )  ( 2 1 )  

1 7 5+ 0 0 2 , 901 3 , 525 * * 7 , 342  
( 8 )  ( 1 2 )  (23 ) 

To tal 377  615  4 , 904 5 , 7 60 1 , 279  1 , 442  14 , 37 7  
( 1 7 )  ( 1 5 )  ( 4 2 )  (40 )  ( 13 )  ( 1 0 )  ( 13 7 ) 

*Data withheld to protect conf identiality . 



TABLE 72  

System Crud e Charge Capacity (MB/D ) and Number of Refineries 
for Refiners Reporting Addit ional Fac ilities Needed to Increase 

the Process ing of Light High Sul fur Crude Oil by At Leas t  20 Percent 
Beyond Facilities Commit ted to Prior to January 1 ,  1982  

Complexity Factor 
Geographic 
Area (PAD2_ Under 3 3-5 5-7 7-9 9-11 1 1+ Total -- -- -- -- --

I 105 0 891 * * 0 1 , 37 3  
( 5 )  ( 6 )  ( 1 5 )  

II * 175  1 , 536 1 , 749  206  * 3 , 81 2  
( 3 )  ( 2 1 )  ( 1 2 )  ( 3 )  (42 ) 

III 133 331 1 , 893 2 , 6 64 5 82 814 6 , 4 1 6  
( 5 )  ( 4 )  ( 1 0 )  ( 1 6 )  ( 4 )  ( 4 )  (43 ) 

I-' 
,j::>. 
-....) IV * 82 85 * 0 0 281 

( 4 )  ( 3 )  ( 10 ) 

v 55 189 671  399  * * 1 , 99 7  
( 3 ) ( 5 )  ( 5 )  ( 3 )  ( 23 ) 

To tal 402 7 7 6  5 , 076  5 , 130 1 , 234 1 , 259  13 , 87 8  
( 1 7 )  ( 1 6 )  (45 ) ( 3 5 )  ( 12 ) ( 8 )  ( 1 33 ) 

*Data withheld to pro tect conf ident iality . 



TABLE '73 

System Crude Charge Capacity (MB/D ) and Number of Refineries 
for Refiners Reporting Addi tional Fac ilities Needed to Increase 

the Processing of Heavy High Sul fur Crude Oil by At Lea s t  20  Percent 
B eyond Facilities Committed to Prior to January 1 ,  1982  

Complexity Factor 
Geographic 
Area (PAD ) Under 3 3-5 5-7 7-9 9-11 1 1+ Total -- -- -- -- -- --

I 152  0 891 * * 0 1 , 590  
( 7 ) ( 6 )  ( 1 8 )  

II * 1 7 5  1 , 37 1  1 , 861 206 * 3 , 759  
( 3 )  ( 1 8 )  ( 1 4 )  ( 3 )  ( 4 1 ) 

III 66 170  1 , 893 2 , 5 94 582 874  5 , 17 9  

1-' ( 3 )  ( 3 )  ( 1 0 )  ( 1 6 )  ( 4 )  ( 5 ) ( 4 1 ) 
,)::,. 
co 

IV * 82 85 * * 0 326  
( 4 )  ( 3 )  ( 1 1 )  

v 55 1 89 664 816 * * 2 , 524  
( 3 )  ( 5 )  ( 5 )  ( 5 )  ( 2 6 ) 

Total 3 7 7  6 1 5  4 , 904 5 , 7 60 1 , 27 9  1 , 442 14 , 37 7  
( 1 7 )  ( 1 5 )  (42 ) (40 ) ( 1 3 )  ( 1 0 )  ( 13 7 ) 

*Data withheld to protect confidentiality . 



f ue l  o i l ) , roug h l y  a 3 0  pe rcent incre a s e  ove r expec ted 1 9 8 2  c apac
i ty .  In add i t io n ,  4 , 5 2 7  LT/D of  s u l f ur re cove ry ( a  3 0  pe rcent i n
c rease ) ,  5 3 1  mi l l ion S CF/D of hyd roge n ma n u f a c t ur e  ( a  3 3  percent  
i ncrease ) ,  a nd 2 9 9 M B/D o f  re s idual conve r s i o n  ( a  29  perc e n t  i n
c rease ) wou l d  be req u i red . M i nor incre ase s i n  other pr oc e s s ing 
wo uld a l so be r eq u i r ed , a s  s umma r i zed in T ab l e s  5 6 ,  5 9 ,  6 2 ,  a nd 6 5  
f or re f i ner i e s ag grega ted by compl ex i ty ,  s iz e , a nd loc a t ion and fo r 
compan i e s  by s i z e .  

Incre a s i ng he avy h igh s u l f ur c r ude o i l  proce s s i ng capab i l i ty by 
a t  l e a s t  2 0  percent wou l d  requ i re 2 , 5 1 8  M B/D of de s ul f ur i z a t ion 
fac i l i t i e s  ( a  3 0  pe rcent i n c r e a s e ) ,  6 , 2 7 7  L T/D of  s ul f ur recove ry 
( a  4 4  perc e n t  i n c re a s e ) ,  7 8 8 m i l l i on S CF/D of  hyd roge n ma nu f a c t ur e  
( a  5 0  pe rcent i nc r e a s e ) ,  and 4 8 8  MB/D o f  r e s i d u a l  conve rs i o n  ( a  4 7  
percent increase ) .  Ad d i ti onal proce s s i ng req u i r eme n ts are s umma r
i zed i n  Tab l e s  5 7 ,  6 0 , 6 3 , and 6 6  for re f i ne r i e s  ag g r ega ted by c om
p l ex i ty ,  s i z e , a nd l oc a t ion and for comp a n i e s  by s i z e . The  i n
crea sed re s i dual  conve r s ion c apab i l i ty pr e v i ou s ly re f e rred to h a s  
b e e n  approx ima ted f rom the se tab l e s  by as s um i ng tha t cok i ng y i e ld s  
are 0 . 0 5 5  tons of  coke pe r barrel charg e . ( Be c a u s e  there wa s no 
s pe c i f i c c a teg ory o f  cok i ng c apac i ty in the que s t i onna i re ,  some re
spondents i nc l ud ed i t  in the res idual  conve r s ion c a t eg o ry , wh i l e  
others prov i d e d  cok i ng c apa c i ty i n  tons pe r d ay and footnoted i t  as 
s uc h . ) The c ap i t a l  cos t of fac i l i t i e s  r eq u i red for proce s s i ng more 
h ig h  s u l f ur crud e o i l  w i l l  be de fe rred for the f i nal repo r t .  

Exh ib i t  1 i s  a s umma ry o f  the to tal ad d i t ional  re f i ne ry f ac i l 
i t i e s  req u i red to proce s s  more h igh s u l f ur c r ud e  o i l  equ i v a l e n t  to 
at l e a s t  2 0  percent of the to tal cru d e  o i l  c apa c i ty ,  b as e d  on the 
1 9 8 2  pro j e c t ion r e ported i n  re s pon se s to Pa r t  I of the s urvey . 

A bre akdown of the d a ta by re f i n e ry s i z e ,  c ompl e x i ty , g e o
g r aph i c  reg i on , a nd comp any s i z e  i s  somewh a t  l im i ted b e c a u s e  of the 
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F a c i l i t i e s  

De s u l f ur i z a t i on 
Naph tha 
Di s t i l l a te 
H e av y F u e l  Oi l 

S u l f ur Pl a n t  & Ta i l  
Gas ( LT/D ) 

Atmos ph e r i c  
D i s t i l l at i on 

Vac u um D i s t i l la t ion 
Tankag e ( S torag e ) 

( Mbbl ) 
Re s id ua l  Conve r s ion* 
Re form i ng 
I some r i z a t i on 
Hydrog en Manu f ac t ur i ng 

( MMSCF/D ) 
Catal yt ic Crack i ng 
V i s b r e ak i ng 
Treat i ng 

EXH I B I T  1 

L ight  H igh 
S u l f u r  Crude O i l  

Add ed 
Capac i ty Numbe r o f  

( MB/D ) Re f i ne r i e s  

3 9 8  
1 , 2 7 9  

6 8 5  
2 , 3 6 2  

4 , 5 2 7  

6 0 1  
3 8 2  

2 0 , 8 1 6  
2 9 9  
1 9 9  

5 0  

5 3 1  
1 4 2  

2 6  
3 1  

3 3  
7 7  
5 1  

7 1  

1 5  
3 1  

5 3  
2 4  
2 3  

7 

4 0  
1 1  

4 
5 

H e avy H ig h  
S u l f u r  Crude O i l  

Add e d  
Capa c i ty Numbe r o f  

( MB/D ) Re f i n e r i e s  

3 0 0  
1 , 3 1 6  

9 0 2  
2 , 5 1 8  

6 , 2 7 7  

5 9 3  
5 7 4  

2 0 , 4 0 8  
4 8 8  
1 7 2  

4 8  

7 8 8  
1 8 3  

4 3  
2 3  

3 0  
7 6  
5 2  

6 8  

1 5  
4 7  

5 1  
3 4  
2 1  

8 

4 4  
1 8  

4 
4 

* Coking f a c i l i t i e s  were i nc l ud ed w i th r e s i d u a l  conver s ion . 
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i n s u f f i c i e nt number o f  respo n s e s  for some o f  the c a teg or ie s ,  thus  
req u i r i ng conso l ida t ion to  pro t e c t  the  con f iden t i a l i ty o f  
r espo nd e n t s . 

W i th re spe c t  to re f i ne ry s i z e , the mos t  s ig n i f i c a n t  i nc r e a s e s  
( re l a t i ve to the i r  pre s e n t  c apab i l i ty ) oc c urred i n  re f i ne r i e s  o f  
5 0-1 0 0  M B/D , e spec i al ly f o r  vacu um d i s t i l l a t io n  a nd s ul f ur re cov
e ry .  Th i s  is not s urpr i s i ng whe n  cons ider i ng th a t  re f i n e r i e s  o f  
t h i s s i ze i nd i c a ted t h e  l owe s t  1 9 7 8 pe rcen tage o f  med i um and h ig h  
s ul f ur c r ude proc e s s i ng i n  P a r t  I o f  t h e  s urvey ( about 3 5  pe r c e n t 
a s  compared to 5 0  p e r c e n t  on company ave r age ) .  Re f i n e r i e s  i n  the 
1 7 5+ MB/D capac i ty r a ng e  r e por ted the l owe s t  n e ed for add ed f a c i l i
t i e s  to proc e s s  mo re h ig h  sul f ur c rude o i l . 

Wi th respe c t  to g e og r aph i c  l oc a t i on , the n e ce s s i ty for  ad d i 
t ional fac i l i t i e s  to proc e s s  h igh s u l f ur c r ude o i l  appe a r s  to be 
concentrated in  PAD s  I I  a nd I I I . These  d i s tr i c t s  have the bulk o f  
the re f in i ng c apac i ty a nd are r e l a t i ve l y  l imi ted i n  the i r  pre s e n t  
c apac i ty to pr o c e s s  med i um a nd h ig h  s u l f ur c r ud e s . 

The pa rt o f  the s urvey wh ich conce rned h ig h  s ul f ur crude pro
ce s s i ng c apab i l i ty add re s sed s uch i s s ue s  as pre s e n t  me t a l l ur g i c a l  
l imi ta tions , pe rm i t t i ng probl ems , l ead t ime req u i red , a nd l ike l i 
hood o f  i n s t al l i ng the r eq u i red f ac i l i t ie s .  

A n umbe r  o f  re f i n e r i e s  ( 5 5 ,  wi th a c omb i n e d  1 9 8 2  c r ud e c apac i ty 
o f  1 , 9 9 3 M B/D ) a nswe red only the qual i ta t i ve que s t i ons  pos ed by the 
que s t ionn a i re a nd pro v ided no re s ponse  on the ad d i t i o n a l  c a pa c i ty 
req u i red to proc e s s  mo re h ig h  s ul f ur crud e ; t he i r a n swe r s  we re not 
inc l ud ed in the agg r e g a t ion o f  r e s po n s e s  to the q u a l i ta t i ve q ue s 
t ion a s  i nc lud i ng the se r e spo n s e s  wo u l d  n o t  s ig n i f i c a n t l y  c h a ng e  
t h e  re s ul t s  o f  t h e  s urvey , e x c e p t  wi th r e gard t o  t h e  q ue s t ion o f  
whe ther pr e s e n t  me t a l l urgy i s  ad equate f o r  h ig h  s ul f ur crude pro
ce s s i ng . I t  appe a r s  that a much l a rger than ave r ag e  pe rc e n t ag e  of 
the re f i n i ng c apa c i ty re s po nd i ng only to the q u a l i ta t ive que s t ion 
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d i d not have ad eq u a t e  me t a l lurgy to proc e s s  added h ig h  s ul f ur c rud e 
o i l . 

Pre s e n t  me t a l l urgy i s  not adequate for abo u t  4 4  perc e n t  o f  the 
r e s pond e n t s ' re f i n i ng c apa c i ty . Thos e sma l l  r e f i ne r s ( c ompan i e s ) 
of  und e r  1 0 0  M B/D appe ar to be i n  re l a t i ve ly wo r s e  s h ape than l arge 
ones i n  th i s  r e s pe c t . A l though 83 perce n t  o f  r e s pondent c a pa c i ty 
looke d w i th opt imi sm upon the l i kel i hood o f  obta i n i ng pe rm i ts for 
the s e  f ac i l i t i e s , there is a ve ry l ow e xpe c t a t ion t h a t  s uc h  f a c i l 
i t i e s  w i l l  b e  i n s t a l l e d ( about 7 3  pe rcent o f  r e s pondent c apac i ty 
i nd i c a t i ng l ow probab i l i ty and only s i x p e rc e n t  i nd i c a t i ng h ig h  
probab i l i ty ) . Th i s  apparent incons i s te n cy m i g h t  be e xp l a ined by 
the e x i s t i ng p l a n s  for a s ig n i f i c ant i nc r e a s e  i n  h ig h  a nd me d i um 
s u l f ur c r ude proce s s i ng c apab i l i ty for 1 9 8 2  a s  compared w i th 1 9 7 8 ;  
an ad d i t ional 2 0  percent of  crude c apac i ty to proc e s s  h ig h  s ul f ur 
crude wo uld push th i s  c apab i l i ty to abou t 7 0  perce n t  or mor e  ( med
i um plus  h igh s ul f ur ) . Responde n t s  may h av e  cons i d e red t h a t  t h e  
add i t ional  capab i l i ty f o r  h i gh s ul f ur c r ude c apa c i ty o v e r  the i r  
f i rm p l a n s  for 1 9 8 2  i s  not requ i red . 

The average l ead t ime req u ired to b r i ng the f a c i l i t i e s  on 
s tr e am ,  i n c l ud i ng t ime for au thor i za t ion , pe rm i t t i ng , d e s i g n , e ng i
nee r i ng , a nd cons truc t ion , was e s t imated to be 4 3  mon th s . Th i s  
l e ad t ime e s t ima te i nc r e a s e s  as  re f i n e ry s i z e , re f i n e ry c ompl e x i ty ,  
and company s i ze increa s e . W i th r e s pe c t  to g eograph i c  reg i o n ,  re
f i ne r i e s  in  PADs I I  and I I I ,  where mos t  ac t i v i ty i s  c en t e r ed h ave 
the h ig h e s t  l e ad t ime req u i reme n t s . S uppo r t ing d a t a  for the a bove 
obs e r va t i ons concern i ng me tal l urgy , pe rm i t t i ng , l e ad t ime s , and 
probab i l i ty of  impl eme ntat ion are found in T a b l e s  5 8 ,  6 1 , 6 4 , a nd 
6 7 .  

I NCREASED UNLEADED GASOLINE MANUFACTUR I NG CAPA BI L I TY 

The d a t a  base  for the fo l low i ng obs e rv a t ions on t he add ed 
f ac i l i t i e s  wh i ch would be ne ed ed to i nc r e a s e  the manu f a c t ure o f  
u n l e aded g a so l i n e  t o  9 0  pe r c e n t  of t h e  tot a l  g a so l i ne poo l a r e  
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ag grega ted by r e f i n e ry s i z e  i n  Tables  7 4 , 7 5 ,  a nd 7 6 ;  by r e f i n e ry 
locat ion i n  Tab l e s  7 7 ,  7 8 , and 7 9 ;  by re f i n e ry c ompl e x i ty i n  Tab l e s  
8 0 ,  81 , a nd 8 2 ;  a nd by c ompany s i ze i n  Tabl e s  8 3 , 8 4 , and 
8 5 .  Tab l e s  8 6 ,  8 7 ,  8 8 ,  8 9 ,  9 0 , a nd 9 1  pro v i d e  d emog raph i c  data for 
r e f i ner i e s  respo nd i ng to P a r t  I I I of the s urvey . 

Compan i e s  repr e s e n t i ng 7 7 . 5  per cent o f  to tal u . s .  r e f i n i ng 
capac i ty repor ted a r eq u i r emen t  for ad d i t i o n a l  f a c i l i t i e s  b e yond 
those pl a nned to be i n  ope r a t ion by 1 9 8 2 i f  they we r e  to prov i d e  9 0  
pe rcent o f  the i r  gasol i ne pro d uc t mix  a s  8 9  ( R+M ) / 2 un l e ad ed ga so
l ine w i thou t s ig n i f i c antly s a c r i f i c i ng the ga so l i ne prod u c t ion vo l 
ume ; re s pond e n t s  general ly are  much be tte r  eq u i pped t o  s upply 8 7  
( R+M ) / 2  u n l e ad ed g a so l i ne . The  type s o f  proc e s s ing mos t  commo nly 
selected to i nc r e a s e  g a s o l i ne pool octane we r e  re fo rrn i n� and 
i some r i z a t ion , as we l l  a s  the requ i r ed f e eds tock hyd rotre a t ing ; 
some re f i ners  a l so e xpec ted to h ave to e i th e r  pro v id e  add i t i o n a l  
f ac i l i t i e s  f o r  naph th a  f r a c t ionat ion or i n c r e a s e  c a t a ly t i c c r ack i ng 
and a lkyl a t ion un i t  c apac i ty .  A sma l l  n umbe r  o f  ad d i t i o n a l  c rud e 
proce s s i ng f ac i l i t i es we re req u i red to ma i n ta i n  the  g a s o l i ne pro
d uc t ion vo l ume at the 9 0  pe rcent un l e ad e d  g a so l i ne poo l  m i x . 

Re s pond e n t s  to the s urvey ind icated a n e ed to i n c r e a s e  re fo rm
i ng capac i ty by 2 3 1 M B/D a t  5 5  r e f iner i e s  i n  ord e r  to produc e a 9 0  
perce n t  unl e ad ed g a so l i n e  mix a t  8 7  ( R+M ) /2 o c t an e . The re s pond
e n ts also ind i cated a need to i ncrease  i some r i z a t i on c apac i ty by 
14 6 MB/D at 3 3  r e f iner i e s .  Ove r h a l f  of the re s pondents w i t h  c r ud e  
o i l  capa c i ty o f  3 0  M B/D or l e s s  wi l l  req u i r e  ad d i t io n a l  r e f o rm i ng 
capac i ty to mee t  th i s  l e ve l o f  un l e ad ed g a so l i ne pro d uc t i on . Few 
o f  the l arge r  re f i ner i e s  ( of 1 7 5+ M B/D c rude capa c i ty )  r eq u i re 
ad d i t ional  f ac i l i t i e s  to mee t  t h i s  unle aded oct ane l eve l ( T ab l e  
7 4 ) . W i th respe c t  t o  geog r aph i c  locat ion , PAD V pro j e c t ions o f  
1 9 8 2  capab i l i ty t o  ma n u f a c t ur e  9 0  pe rcent un l e ad ed g a so l i n e  appe ar 
to be mo re nearly adequate than othe r a r e a s  ( T a b l e  7 7 ) . 

1 5 3  



TABLE 74 

Additional Facilities Necessary to Increase 
Unleaded Gasoline Manufacturing Capacity 

to 90 Percent of To tal 1 982 Gasoline Produc tion 
(87 R+M/2 ) 

( Capacities Aggregated in MB/D ) 

Refinery S iz e  (MB/D) 
Process Type 0-10 10-30 30-50 50-100 100-175  1 7 5+ Total 

1 .  Crude Oil Dist illation * 1 * * 32  

2 .  Vacuum Dist illation 10 12 t * * * 57 

3 .  Reforming 35  54 3 1  54  * * 231  

4 .  Isomerization * 13 26 44 37  * 146  

5 .  Alkylation * * 1 1  1 7  5 * 40 

6 .  Catalytic Cracking 18  5 26 * * * 148  

7 .  Hydro treating 9 48 29 73 * * 1 8 1  

8 .  Hydrocracking 9 * * * 43  

9 .  Hydrogen Generation 9 45 * * * 7 7  

1 0 .  Polymerization * * * 6 

1 1 .  Naphtha Splitter 29 * * 39  132  

12 .  Refineries Reporting 
Above Facilities 

1 982 Crude Oil Capacity 84 502 594 1 , 026 1 , 562 1 , 61 8  5 , 385 
1 982 Crude Oil Throughput 75  431 551 1 , 0 1 1  1 , 456 1 , 513  5 , 037  
Number of Refineries 13§  25 13  1 6  1 2  7 86 
1 982 Gasoline Production 22 180 252 550 850 766 2 , 621  

13 .  Associated Refining Sys tems 

1982 Crude Oil Capacity 84 541 819 1 , 377  1 , 898 2 , 698 7 , 417  
1982 Crude Oil Throughput 7 5  454 740 1 , 338  1 ,  772  2 , 506 6 , 885 
Number of Refineries 13§  27  18  22  15  10 105 
1982 Gasoline Production 22 180 371  717  999  1 , 209 3 , 499 
90 Percent of 1 982 Gasoline 

Production 20 1 62 334 645 899 1 , 088 3 , 149  

*Data withheld to protect confid entiality . 
tMerged with adjacent higher size category to protect confidentiality . 
§Includes two refineries wi th no crude runs , but sub stantive feedstocks of other types . 
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TABLE 75 

Additional Facilit ies Necessary to Increase 
Unleaded Gasoline Manufacturing Capaci ty 

to 90 Percent of Total 1 982 Produc tion 
(89 R+M/2 ) 

( Capacities Aggregated in MB/D)  

Refinery Size  ( MB /D )  
Process Type 0-10 10-30 30-50 50-100 100-17 5 1 7 5+ Total 

1 .  Crude Oil Dist illation * 1 * * * 37  

2 .  Vacuum Distillation 1 1  7 * * 50 

3 .  Reforming 21  61  41  122  133  189 567 

4 .  Isomerization 26 53 94 90 158 421  

5 .  Alkylation 5 14 18  5 43  

6 .  Catalyt ic Cracking 9 7 26  * * 96  

7 .  Hydrotreating 8 49  33 1 24 58 231 504 

8 .  Hydrocracking * * * * * 5 1  

9 .  Hydrogen Generation (MMCF/D ) * 45 * * * 85  

10.  Polymerization * * * 6 

1 1 .  Naphtha Split ter 40 * 125  58  * 298 

12 . Refineries Reporting 
Above Facilities 

1982 Crude Oil Capacity 44 597 979 2 , 035 2 , 555  6 , 215  12 , 425 
19 82 Crude Oil Throughput 32 514 894 1 , 959  2 , 417 5 , 833 1 1 , 649 
Number of Refineries 7 t 29 22 28 1 9  1 9  124 
1982 Gasoline Product ion 12 214 475  1 , 158 1 , 359  2 , 522 4 , 740 

1 3 .  Associated Refining Systems 

1982 Crude Oil Capacity 44 694 1 , 126 2 , 705 2 ,  921 7 , 340 1 4 , 830 
1982 Crude Oil Throughput 32 591 1 , 027  2 , 589 2 , 7 38 6 ,  9 1 9  1 3 , 896 
Number of Refineries 7 t 34 25 38 22  23  149 
1982 Gasol ine Produc tion 12 244 547 1 , 449 1 , 51 9  3 , 068 6 , 838 
90 Percent of 1982 Gasoline 

Produc tion 11 220 492 1 , 304 1 , 367 2 , 7 61 6 , 154 

*Data withheld to protect conf identiality . 
tincludes one refinery with no crude runs , but sub stant ive feeds tocks of other types . 
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TABLE 76 

Addit ional Facilities Necessary to Increase 
Unleaded Gasoline Manufac turing Capacity 

to 90 Percent of Total 1982 Gasoline Product ion 

Ref inery S ize 
Factors 0-10 10-30 30-50 50-100 100-1 75 1 7 5+ Total 

1 .  Obtain Necessary Permit s ?  

• Associated Crude Capacity 

Yes * * * * 1 , 440 5 , 747 1 0 , 380 
No * * * * 564 894 

• As so ciated Number of  
Refineries 

Yes * * * * 1 1  1 8  1 1 5  
No * * * * 4 10 

2 .  Lead time Required 

• Refinery Crude Capacity 47 569 890 1 , 895 1 , 851 5 , 204 10 , 485 

• Number of Months Lead time 35 33 37 38 43 43  37  

3 .  Likel ihood o f  Installation 

• Refinery Crud e Capacity 

Low 28  274 573 7 3 9  1 , 142 2 , 42 9  5 , 185 
Medium 43 301 235 1 , 1 34 947 2 , 1 97 4 , 857 
High 32 * 1 1 8  1 7 9  * 1 , 12 1  1 , 606 
Impos s ible * * * 

• Number of Ref ineries 

Low 4 13  13  10 8 7 55 
Medium 6 14 6 15  8 6 55 
High 5 * * 3 * 5 18 
Impo ssible * * * 

4 .  Refineries Reporting Above 
Fac ilities 

19 82 Crude Capacity 44 597 979 2 , 035 2 , 555 6 , 2 15  1 2 , 4 2 5  
1 982 Crud e Throughput 32 514 894 1 , 9 59 2 , 41 7  5 , 833 1 1 '  649 
Number of Ref ineries 7 t  2 9  2 2  2 8  1 9  1 9  124 
1 982 Gasol ine Produc tion 12 214 475 1 , 158 1 , 359 2 , 522 5 , 740 

5 .  As sociated Refining System 

1982 Crude Capac ity 44 694 1 , 126  2 , 705 2 , 921  7 , 340 1 4 , 830  
1 982 Crude Throughput 32 591 1 , 027  2 , 589 2 , 73 8  5 ,  9 1 9  13 , 896 
Number of Refineries 7 t  34 25 38 22  23 149 
1982 Gasoline Produc tion 12  244 547 1 , 44 9  1 , 5 1 9  3 , 068 6 , 838  
90  Percent of  19 82 

Produc tion 1 1  220 492 1 , 304 1 , 367 2 , 761  6 , 154 
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6 .  

7 .  

8 .  

TABLE 76  (continued)  

Refineries Providing Only 
Qualitative Responses§ 

Number of Refineries 3 4 * * 3 0 
1982 Crude Oil Capacity 1 6  83 * * 3 93 
1982 Gasoline Production 5 21  * * 148 

System Responses Requiring 
Facilities at 89 , but no t 87 

Number of Refineries 0 3 9 1 3  8 1 5  
1 982 Crude Oil Capacity 76  379 995 1 , 1 13  5 , 329  
1 9 82 Gasoline Production 27 188 598 560 2 , 1 68 

System Responses Specifying 
Facilities for 87 R+M/2 Only 

Number of Refineries 4 * * * 0 * 
19 82 Crude Oil Capacity 26 * * * * 
1982 Gasoline Produc tion 10  * * * * 

*Data withheld to protect confidentiality . 
tlncludes one refinery wi th no crud e runs , but substantive feed stocks of other types . 
§Most typical supplementary comment s :  ( 1 ) Already at  9 0  percent o r  Greater Unlead ed; 

( 2 )  Refinery does not manufacture gasol ine . 
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691 
246 

48 
7 , 892 
3 , 541  
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TABLE 77 

Additional Facil ities Necessary to Increase 
Unleaded Gasoline Manufacturing Capacity 

to 90 Percent of To tal 1 982 Gasoline Produc tion 
(87  R+M/2 ) 

( Capacities Aggregated in MB/D ) 

Geographic Area (PAD ) 
Process Type I II III  IV v Total 

1 .  Crude Oil Distillation * * * 32  

2 .  Vacuum Distillation 6 41  * * 57 

3 .  Reforming t 67 1 1 2  29  22  231  

4 .  Isomerization * 67 60 * 6 146 

5 .  Alkylation t 27 10  4 40 

6 .  Catalytic Cracking * 59  60 * * 148 

7 .  Hydrotreating 34 107 28 12  181  

8 .  Hydro cracking * * * 29  43 

9 .  Hydrogen Generation 
(MMCF/D) * 48 * * 7 7  

1 0 .  Polymerization * * * * 6 

1 1 .  Naphtha Spl itter * * * 24 * 132  

1 2 .  Refineries Reporting 
Above Facilities 

1982 Crud e Oil Capacity 3 1 8  1 , 606 2 , 203 255  1 , 003 5 , 385 
19 82 Crude Oil Throughput 302 1 , 555  2 , 05 5  2 1 4  912  5 , 037  
Number of Refineries 4 24 28§ 13 1 7  86 
1982 Gasoline Production 145 924 9 93 1 1 9  440 2 , 62 1  

1 3 .  Associated Refining Systems 

1982 Crude Oil Capacity 595 2 , 465 2 , 760 341 1 , 257 7 , 4 1 7  
1982 Crude Oil Throughput 560 2 , 33 1  2 , 583 281 1 , 13 1  6 , 885 
Number of Refineries 8 30 31§  1 5  2 1  105 
1982 Gasoline Produc tion 251 1 , 290 1 , 267  153  538 3 , 499 
90 Percent of  1 982 Gasoline 

Produc tion 226 1 , 161  1 , 140 1 3 8  484 3 , 14 9  

*Data withheld t o  protect confidentiality . 
tMerged wi th ad jacent higher size category to protect confidential ity . 
§Includes two refineries with no crude runs , but substantive feeds tocks of other types . 
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TABLE 78 

Additional Facil ities Necessary to Increase 
Unleaded Gasoline Manufact•1ring Capacity 

to 90 Percent of To tal 1 982 Gasoline Produc tion 
(89 R+M/2 ) 

( Capacities Aggregated in MB/D ) 

Geographic Area (PAD ) 
Process Type I II  III  IV 

Crude Oil Dis tillat ion * 10 * * 

Vacuum Dist illation 9 36  * 

Reforming 47 125  285 34 

Isomerization 29 172  149  12  

Alkylation * 27 6 * 

Catalytic Cracking * 64 * * 

Hydrotreating t 103 300 24 

Hydrocracking * 1 8  * 

Hydrogen Generat ion (MMCF/D ) 20 65  § 

Polymerization * * * * 

Naphtha Splitter * 78 177  28  

Refineries Reporting 
Above Facilities 

1 982 Crude Oil Capacity 1 , 209 3 , 319  5 , 175  437  
1982 Crude Oil Throughput 1 , 189 3 , 174 4 , 899  379  
Number of Refineries 8 37  3 9� 1 8  
1982 Gasoline Production 596 1 , 769 2 , 278 208 

As sociated Refining Systems 

1982 Crude Oil Capacity 1 , 61 7  3 , 875  6 , 1 84 505 
1982 Crude Oil Throughput 1 , 57 1  3 , 706 5 , 846 433 
Number of Refineries 14 43 45� 1 8  
1982 Gasoline Production 755 2 , 063 2 , 758 233 
90 Percent of 1982 Gasoline 

Product ion 680 1 , 857 2 , 4 82 210  

*Data withheld to  protect confidentiality . 
tMerged with adjacent higher size category to protect conf identiality . 
§Merged with ad jacent lower size category to protect confidentiality . 

v Total 

37  

* 50 

76 567 

59 421 

4 43 

* 96 

77  504 

* 51 

85 

6 

* 298 

2 , 285 1 2 , 425 
2 , 007 1 1 , 649 

24  124  
890  5 , 740 

2 , 649 14 , 830 
2 , 341  1 3 , 896 

29  149  
1 , 030 6 , 838  

927 6 , 154  

�Includes one refinery with no crude runs , but substant ive feeds tocks of  other types . 
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TABLE 79 

Additional Facilities Necessary to Increase 
Unleaded Gasoline Manufacturing Capacity 

( Capacities Aggregated in MB/D )  

Geographic Area (PAD ) 
Factors I II  III  IV v T otal 

1 .  Obtain Necessary Permits?  

• Associated Crude Charge 
Capacity 

Yes * 2 , 539  * * 1 , 7 90 1 0 , 380 
No * 374 * * 282 894 

• As sociated Number of  
Re fineries 

Ye s * 33 * * 1 9  1 1 5  
No * 3 * * 4 1 0  

2 .  Lead Time Required 

• Refinery Crude Capacity 934 2 , 932 4 , 561 416 1 , 642 1 0 , 48 5  

• Number of Months 34 39  36  34 41  37  

3 .  Likelihood o f  Ins tallation 

• Refinery Crude Capacity 

Low 476 1 , 912  1 , 106 270 1 , 462 5 , 22 7  
Med ium * 874 2 , 81 6  * 590 4 , 857 
High * 267 1 , 063 * 63 1 , 606 
Impo ssiblet 

• Number of Refineries 

Low 3 21  8 12  13  57 
Medium * 14 24 * 8 55  
High * 3 10  * 3 1 8  
Impossiblet 

4 .  Refineries Reporting Above 
Facilities 

1982 Crude Capacity 1 , 209 3 , 31 9  5 , 175  437 2 , 285 1 2 , 425 
1 982 Crude Throughput 1 , 189 3 , 174  4 , 899 3 7 9  2 , 007 1 1 , 64 9  
Number of Refineries 8 37 3 9 §  1 8  24 124 
1 9 82 Gasoline Product ion 596 1 , 7 69 2 , 278  208 890 5 , 740 

5.  As sociated Refining Systems 

1 9 82 Crude Capacity 1 , 617  3 , 875 6 , 1 84 505 2 , 64 9  1 4 , 83 0  
1982 Crude Throughput 1 , 57 1  3 , 706 5 , 846 433 2 , 341  1 3 , 896 
Number of Refineries 14 43 45§ 18 29 149  
1 982 Gasoline Produc tion 755 2 , 063 2 , 7 58 233 1 , 030 6 , 83 8  
9 0  Percent o f  1 982 Gasoline 

Production 680 1 , 857 2 , 482 210  927  6 , 154  

160  



6 .  

7 .  

8 .  

TABLE 79 ( cont inued)  

Refineries Providing Only 
Qualitative Re sponses� 

Number of Refineries * * 
1 9 82 Crude Oil Capacity * * 
1982 Gasoline Produc tion * * 

Sys tem Responses Requiring 
Fac ilities at 8 9 ,  but no t 87 

Number of Refineries 6 15  
1 982 Crud e Oi l Capacity 984 1 , 83 1  
1982 Gasoline Production 488 888 

System Responses Spec ifying 
Facil ities for 87 R+M/2 Only 

Number of Re fineries 0 * 
1982 Crude Oil Capacity * 
1 982 Gasol ine Production * 

*Data withheld to protect conf identiality . 
tMerged with "Low" to protect confidentiality . 

4 
245 

74 

14  
3 , 678  
1 , 669 

4 
299  

95 

* 3 14  
* 152  691  
* 65  246 

6 7 4 8  
238 1 , 16 1  7 , 892 
107 389 3 , 5 4 1  

* * 8 
* * 3 7 7  
* * 1 3 1  

§Includes one refinery with no crude runs , but subs tant ive feeds tocks with o ther types . 
�Not included in Sections 1 -5 above .  
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TABLE 80 

Additional Facilities Necessary to Increase 
Unleaded Gasoline Manufacturing Capacity 

to 9 0  Percent o f  Total 1 982 Gasoline Produc tion 
(87 R+M/2 ) 

( Capacities Aggregated in MB/D ) 

Complexity Factor 
Process T�pe 0-3 3-5 5-7 7-9 9-1 1 1 1+ Total 

1 .  Crude Oil Distillation * * * * * 3 2  

2 .  Vacuum Distillation * 9 20 * * 57  

3 .  Reforming 69 35 31 85 * 23 1 

4 .  Isomerizat ion * 40 55 15 * 15  146 

5 .  Alkylation * * 17  1 6  * * 40 

6 .  Catalytic Cracking 19  * 80 33 * 148 

7 .  Hydrotreating 41  14 17  66 42 1 8 1  

8 .  Hydrocracking 29 * * * 43  

9 .  ·Hydrogen Generation (MMCF/D) 15  * * * * 7 7  

1 0 .  Polymeri zation * * 6 

1 1 .  Naphtha Splitter * * 43 76 132  

1 2 .  Refineries Reporting 
Above Facilities 

1982 Crude Oil Capacity 392 681 1 , 226 2 , 220 506 361 5 , 385 
1 982 Crude Oil Throughput 327 642 1 , 207 2 , 033 484 343 5 , 037 
Number of Refineries 20t 18 21  18  5 4 86 
1 982 Gasoline Production 69 231 688 1 , 087 322 223 2 , 62 1  

1 3 .  Associated Refining Sys tems 

1 982 Crude Oil Capacity 486 838 1 , 741  2 , 905 652 796 7 , 417  
1982 Crude Oil Throughput 389 786 1 , 689 2 , 656 6 1 1  7 5 3  6 , 885 
Number of Refineries 23t 20 27 23  7 5 105 
1982 Gasoline Production 82 296 906 1 , 387 397 431  3 , 499 
90 Percent of 1982 Gasoline 

Production 74 266 815 1 , 248 357 388 3 , 14 9  

*Data withheld t o  protect confidentiality . 
tincludes two refineries wi th no crude runs , but substantive feedstocks of other types . 
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TABLE 81 

Additional Facilities Necessary to Increase 
Unleaded Gasoline Manufacturing Capacity 

to 90 Percent of Total 1 982 Production 
( 89 R+M/2 ) 

( Capacities Aggregated in MB/D ) 

Complexity Factor 
Process Type 0-3 3-5 5-7 7-9 9-11 1 1+ Total 

1 .  Crude Oil Distillation * * * 27 * 3 7  

2 .  Vacuum Distillation 48 9 5 19  * * 50 

3 .  Reforming 9 70 166 184 38 61  567 

4.  Isomerization * 59 109 177  46  21  421  

5 .  Alkylation 12  3 1 6  16  * * 43  

6 .  Catalytic Cracking 38 * 30 * * 96  

7 .  Hydrotreating * 27 173  194 t 73 504 

8 .  Hydrocracking * * * * * 51  

9 .  Hydrogen Generation (MMCF/D) * * * * * 85  

10.  Polymerization * * 6 

11 . Naphtha Splitter * * 89 137  * 298 

12.  Refineries Reporting 
Above Facilities 

1982 Crude Oil Capacity 320 863 4 , 746 4 , 806 867 824 12 , 425 
1982 Crude Oil Throughput 261  799 4 , 524 4 , 486 820 7 59 1 1 , 649 
Number of Refineries 16§ 20 40 31  9 8 124 
1982 Gasoline Production 67 310 2 , 015  2 , 348 531 469 5 , 740 

13 .  Associated Refining Systems 

1 982 Crude Oil Capacity 414 910 5 , 439  5 , 748 1 , 061 1 , 259 1 4 , 830 
1982 Crude Oil Throughput 323 832 5 , 173  5 , 391  1 , 008 1 , 169  13 , 896 
Number of Refineries 19§ 21  50 39  1 1  9 149  
1982 Gasoline Production 80 325 2 , 299  2 , 841  617  676  6 , 838 
90 Percent of  1 982 Gasoline 

Production 72 292 2 , 069 2 , 557 555 608 6 , 1 54 

*Data withheld to protect confidentiality . 
tMerged with ad jacent lower size category to pro tect confident iality . 
§Includes one refinery with no crude runs , but substantive feed s tocks of o ther types . 

1 6 3  



TABLE 82 

Addit ional Facilities Necessary to Increase 
Unleaded Gasoline Manufacturing Capacity 

to 90 Percent of Total 1982 Gasoline Production 

Complexity Factor Range 
Factors· 0-3 3-5 5-7 7-9 9-11 1 1+ Total 

1 .  Obtain Necessary Permi t s ?  

• As sociated Crude Charge 
Capac ity 

Yes * * * * 790 * 10 , 380 
No * * * * * 894 

• As sociated Number of  
Re fineries 

Yes * * * * 8 * 1 1 5  
No * * * * * 10 

2 .  Lead Time Required 

• Refinery Crude Capacity 386 980 4 , 100 3 , 683 790 546 1 0 , 485  

• Number of  Months 34 34 39  38 43 42 37 

3 .  Likelihood o f  Installation 

• Refinery Crude Capacity 

Low 209 4 1 7  * 2 , 043 * 402 5 , 227  
Med ium * 440 1 , 931  * 625 * 4 , 857 
High * 293 * * * * 1 , 606 
Impossiblet 

• Number of Re fineries 

Low 1 1  9 * 1 3  * 5 57 
Medium * 9 12  * 5 * 55 
High * 6 * * * * 1 8  
Impossiblet 

4 .  Refineries Reporting Above 
Facilities 

1982 Crud e Capacity 320 863 4 , 746 4 , 806 867 824 12 , 425 
1 9 82 Crude Throughput 261  799 4 , 524 4 , 486 820 759 1 1 , 649 
Number of Refineries 16§  20 40 3 1  9 8 1 24 
1 9 82 Gasoline Production 67 310 2 , 015  2 , 348 531 469 5 , 740 

s .  Associated Refining Systems 

1 9 82 Crude Capacity 414  910  5 , 439  5 , 748 1 , 061 1 , 259 14 ,380  
1982 Crud e Throughput 323 832 5 , 173  5 , 391 1 , 008 1 , 1 69 1 3 , 896 
Number of Refineries 19§  21  so 39 11  9 149 
1982 Gasoline Produc tion 80 325 2 , 2 99 2 , 841  617  676  6 , 838  
90  Percent of  1 982 Gasoline 

Produc tion 72  292 2 , 069 2 , 557 555 608 6 , 154 

1 6 4  



6.  

7 .  

8 .  

TABLE 82 ( continued) 

Refineries Providing Only 
Qualitative Responses� 

Number of Refineries 4 4 
1982 Crude Oil Capacity 36 98 
1982 Gasoline Produc tion 8 24 

System Responses Requiring 
Fac ilities at  89 , but no t 87 

Number of Refineries * 4 
1 982 Crud e Oil Capacity * 222 
1982 Gasoline Production * 92 

System Responses Specifying 
Facilities for 87 R+M/2 Only 

Number of Re fineries * 3 
1982 Crude Oil Capacity * 34 
1 982 Gasoline Produc tion * 1 1  

*Data withheld to protect conf identiality . 
'tMerged with "Low" to protect confidentiality . 

* 
* 
* 

20 
3 , 1 86 
1 , 241 

* 
* 
* 

3 * 0 14 
244 * 691  

92 * 246 

1 5  * 5 48  
3 , 054 * 1 , 083 7 , 892 
1 , 4 93 * 525 3 , 54 1  

* 0 0 8 
* 377  
* 1 3 1  

§Includes one refinery with no crude runs , but subs tant ive feeds tocks with o ther types . 
�ot included in Sections 1 -5 above . 

1 6 5 



TABLE 83 

Additional Facilities Necessary to Increase 
Unleaded Gasoline Manufacturing Capacity 

to 90 Percent of Total 1 982 Produc tion 
( 89 R+M/2 ) 

( Capacities Aggregated in MB/D) 

Company Size  (MB/D) 
Process Type 0-10 10-30 30-50 50-100 100-175  175+ Total 

1 .  Crude Oil Distillat ion * * * * 32  

2 .  Vacuum Distillation 10 * * 35 57 

3 .  Reforming 30 40 t 38 123 231  

4 .  Isomerization * * 10 35 24 75  146 

5 .  Alkylation * 4 * * 26  40 

6 .  Catalytic Cracking * 12 * * 100 148 

7 .  Hydrotreating * 35 * 20 * 102 181 

8 .  Hydrocracking 9 * * 43  

9 .  Hydrogen Generation (MMCF/D ) * 44 * * 7 7  

10 .  Polymerization * * * * 6 

l l .  Naphtha Splitter * * l l 9  1 3 2  

1 2 .  Refineries Reporting 
Above Facilities 

1 982 Crude Oil Capacity 55 314 291 540 352 3 , 834 5 , 385 
1 982 Crude Oil Throughput 49 293 254 506 327 3 , 609 5 , 037  
Number of Refineries 9§ 18 7 14 4 34 86 
1 9 82 Gasoline Production 14 102 87 263 159 1 , 996 2 , 621  

1 3 .  Associated Refining Systems 

1 982 Crude Oil Capac ity 55 314 390 595 352 5 ,  7 l l  7 , 417  
1982 Crude Oil  Throughput 49  293 350 544 327  5 , 323 6 , 885 
Number of Refineries 9§ 18 9 15  4 50 105 
1 982 Gasoline Produc tion 14 102 146 275 159 2 , 802 3 , 499  
90 Percent of  1 982 Gasoline 

Production 13 92 131 248 143 2 , 522 3 , 14 9  

*Data withheld t o  protect confidentiality . 
tMerged wi th ad jacent lower size category to protect confidentiality.  
§ Includes two refineries with no  crude runs , but substantive feeds tocks of other types . 

1 6 6 



TABLE 84 

Additional Facilities Necessary to Increase 
Unleaded Gasoline Manufacturing Capacity 

to 9 0  Percent of Total 1 982 Produc tion 
(89 R+M/2 ) 

( Capacities Aggregated in MB/D) 

Company Size  (MB/D )  
Process Type 0-10 10-30 30-50 50-100 1 00-1 7 5  175+ Total 

1 .  Crude Oil Distillation * * * 25 37  

2 .  Vacuum Dist illation t 10 16  23 50 

3 .  Reforming 15  40 t 38 22 453 567 

4 .  Isomerization 12  13  28  48 320 421 

5.  Alkylation 4 7 7 t 25 43  

6 .  Catalytic Cracking 15  * * * 96 

7 .  Hydrotreating * 39  * 1 9  * 421  504 

8. Hydrocracking * * * * 5 1  

9 .  Hydrogen Generation (MMCF/D) 55 t 30 85 

10.  Polymerization * * * * 6 

1 1 .  Naphtha Split ter * * * 240 298  

12 .  Refineries Reporting 
Above Facilities 

1982 Crude Oil Capacity 15 359 304 625 681 10 , 442 12 , 425 
1982 Crude Oil Throughput * * 265 594 633 9 , 824 1 1 , 649 
Number of Refineries 3§ 20 7 14  8 72  1 24 
1982 Gasoline Production 4 116  112  353 330 4 , 825 5 , 740 

1 3 .  Associated Refining Systems 

1 982 Crude Oil Capacity 15  359  354 723 681 1 2 , 698 1 4 , 830 
1982 Crude Oil Throughput * * 315  671  633  1 1 , 944 13 , 896 
Number of Refineries 3§ 20 8 1 6  8 94 149 
1982 Gasoline Produc tion 4 116  142 3 83 330 5 , 863 6 , 838 
90 Percent of  1982 Gasoline 

Produc tion 4 104 128  345 297 5 , 277  6 , 154 

*Data withheld to pro tect confidentiality . 
tMerged with ad jacent lower size category to protect confidentiality . 
§Includes one refinery with no crude runs , but subs tantive feeds tocks of other types . 

1 6 7  



TABLE 85 

Add itio�al Facilities Necessary to Increase  
Unleaded Gasoline Manufacturing Capacity 

to 90 Percent of Total 1982 Gasoline P roduction 
( Capacities Aggregated in MB/D ) 

Factors 

1 .  Obtain Necessary Permits? 

• As sociated Crud e  Charge 
Capacity 

Yes 
No 

• As sociated Number of  
Refineries 

Yes 
No 

2 .  Lead Time Required 

• Refinery Crud e  Capacity 

• Number of  Months 

3 .  Likelihood of Installation 

• Refinery Crude Capacity 

Low 
Medium 
High 
Impossiblet 

• Number of Refineries 

Low 
Med ium 
High 
Impo ssiblet 

4 .  Refineries Reporting Above 
Facilities 

1982 Crude Capacity 
1 982 Crud e  Throughput 
Number of Refineries 
1982 Gasoline Production 

5 .  As sociated Refining Systems 

1982 Crude Capacity 
1982 Crude Throughput 
Number of Refineries 
1982 Gasoline Production 
90 Percent of  1 9 82 Gasoline 

Production 

0-10 

* 
* 

* 
* 

48 

35 

23 
25 
23 

4 
3 
4 

1 5  
* 

3§ 
4 

1 5  
* 
3§ 
4 

4 

Company S ize Category (MB/D)  
10-30 30-50 50-100 1 00-175  

379  

2 1  

367 

31 

* 
203 

* 

* 

12  
* 

359 
* 

20 
1 1 6  

3 5 9  
* 

20 
1 1 6  

104 

1 6 8  

1 7 9  

5 

223 

28 

* 
123 

* 

* 

3 
* 

304 
265 

7 
1 1 2  

3 5 4  
3 1 5  

8 
142  

1 2 8  

6 4 9  

1 5  

6 6 4  

33  

208 
348 

* 

7 
6 
* 

625 
594  

1 4  
3 5 3  

723 
6 7 1  

1 6  
383 

345 

* 
* 

* 
* 

546 

3 9  

* 

389 
* 

* 

4 
* 

681 
633 

8 
330 

681 
633 

8 
330 

297 

175+ 

8 , 697 
755  

59  
8 

8 , 658 

4 1  

4 , 621  
3 , 770 
1 , 430 

34 
2 7  

9 

1 0 , 442 
9 , 824 

72 
4 , 825 

1 2 , 698 
1 1 , 944 

94 
5 , 863 

5 , 277 

Total 

1 0 , 380 
894 

1 1 5  
1 0  

10 , 485 

37  

5 , 227 
4 , 857  
1 , 606 

57  
55  
18  

1 2 , 425  
1 1 , 64 9  

124 
5 , 740 

1 4 , 380 
13 , 896 

149 
6 , 838 

6 , 154 



6 .  

7 .  

8 .  

TABLE 8 5  ( continued) 

Refineries Providing Only 
Qualitative Responses� 

Number of Refineries * 3 
1982 Crude Oil Capacity * 68 
1 982 Gasoline Produc tion * 1 8  

System Responses Requiring 
Facilities at 89 , but no t 87 

Number of Refineries 0 * 
1 982 Crude Oil Capacity * 
1 9 82 Gasoline Product ion * 

System Responses Specifying 
Facilities for 87 R+M/2 Only 

Number of Refine�ies 4 * 
1 9 82 Crude Oil Capacity 26 * 
1 982 Gasoline Produc tion 10 * 

*Data withheld to protect conf identiality . 
tMerged with "Low" to protect confid entiality . 

* 
* 
* 

0 

* 
* 
* 

* 0 4 14 
* 399  691  
* 151  246 

* 4 41  48  
* 3 2 9  7 , 353 7 , 892 
* 1 71 3 , 243 3 , 54 1  

* 0 * 8 
* * 377  
* * 131  

§Includes one refinery with no  crude runs , but substant ive feeds tocks with other types . 
�ot included in Sections 1 -5 above . 

1 6 9  



TABLE 86 

System Crude Charge Capacity ( MB/D ) and Number of Re fineries 
for Refiners Repor ting Addit ional Fac ilities Needed 
to Increase Unleaded Gaso line Produc tion at 87 R+M/ 2  

to 9 0  Percent of Total 1 9 8 2  Gasoline Production 

Refinery Size  (MB/D )  
Geographic 
Area (PAD ) 0-10 10-30 30-50 50-100 100-175  1 7 5+ Total 

-- --

I 0 * 199  * * 595  
( 4 )  ( 8 )  

II  * * 237  665  602 855 2 , 465  
( 5 )  ( 10 )  ( 5 )  ( 3 )  ( 30 )  

III 35 1 7 1  1 7 4  336 566 1 , 47 8  2 , 760  
t-' ( 5 )  ( 8 )  ( 4 )  ( 5 ) ( 4 )  ( 5 )  ( 3 1 )  
-....! 
0 

IV 20 128  1 94 0 0 0 341 
( 4 )  ( 7 )  ( 4 )  ( 15 )  

v * 107 2 1 5  1 7 8  * * 1 , 25 7  
( 5 )  ( 5 )  ( 3 )  ( 2 1 )  

Total 84 541 8 1 9  1 , 37 7  1 , 898  2 , 698  7 , 41 7  
( 13 )  ( 2 7 )  ( 1 8 )  ( 2 2 )  ( 1 5 )  ( 1 0 )  ( 105 ) 

*Data withheld  to pro tect confidentiality . 



TABLE 8 7  

Sys tem Crude Charge Capaci ty (MB/D) a nd Number of Refineries 
for Refiners Repor t ing Addi t ional Facilitie s Ne eded 
to Increase Unleaded Gasoline Pr oduct ion at 8 9  R+M/ 2 

to 90 Percent of Total 1 98 2  Gasoline Production 

Refinery Size (MB/D) 
Geographic 
Area (PAD) 0-1 0  1 0-30 30-50 50-1 00 1 00- 1 75 1 7 5+ Total 

-- --

I 0 * 0 388 482 * 1 , 6 1 7  
( 6) ( 3 )  ( 14)  

II * * 42 1 959  1 , 05 1 1 , 3 1 8  3 , 875  
( 9)  ( 1 4)  ( 8 )  ( 5 )  ( 43)  

1-' 
-....) 
1-' III 28 228 1 7 0  689  706 4 , 3 64  6 , 1 8 4  

( 4 )  ( 1 1 )  ( 4)  ( 9)  ( 5 )  ( 1 2 )  ( 45 )  

IV * * 3 2 1  0 0 0 505 
( 7 ) ( 1 8) 

v 0 * 2 1 5  6 69 683  * 2 , 6 49 
( 5 )  ( 9)  ( 6 )  ( 29)  

Total 44 694  1 , 1 26 2 , 7 05 2 , 9 2 1  7 , 340 1 4 , 8 30 
( 7 )  ( 34 )  ( 2 5 )  ( 38 )  ( 22 )  ( 23)  ( 1 49)  

*Data wit hheld to pr otect conf identiali ty . 



TABLE 88 

System Crude Charge Capac ity ( MB/D ) and Numbers of Refineries 
for Refiners Reporting Additional Fac ilities Needed 

to Increase Unleaded Gasoline Produc tion at 8 7  R+M/2 
to 90  P ercent of Total 1982  Gasoline Production 

Complexity Factor 
Refinery 
S ize  (MB/D )  Under 3 3-5 5-7 7-9 9-1 1 1 1+ Total 

-- -- -- -- --

0-10 41  3 2  * 0 * 0 84  
( 7 ) ( 4 )  ( 1 3 )  

10-30 203 * 143 * 0 0 541  
( 1 1 )  ( 7 ) ( 2 7 )  

I-' 
30-50 * 1 81 2 6 7  * * 0 819  -....! 

IV ( 4 )  ( 6 ) ( 1 8 )  

50-100 * * 461  540  * * 1 , 37 7  
( 8 )  ( 8 )  ( 2 2 ) 

100-175  0 3 91 * 501 509 * 1 , 898  
( 3 )  ( 4 ) ( 4 )  ( 1 5 )  

175+ 0 0 * 1 , 650 0 * 2 , 698 
( 6 ) ( 10 )  

To tal 486 838 1 , 741  2 , 905 652  796  7 , 41 7  
( 2 3 )  ( 20 )  ( 2 7 ) ( 23 )  ( 7 ) ( 5 )  ( 10 5 )  

*Data withheld to protect confidentiality . 



TABLE 89 

Sys tem Crude Charge Capacity ( MB/ D )  and Numbers of Refineries 
for Refiners Repor ting Additional Fac ilities Needed 

to Increase Unl eaded Gasoline Produc tion at 8 9  R+M/ 2  
to 9 0  P ercent of  T otal 1 9 8 2  Gasoline Production 

Complexity Factor 
Refinery 
S ize  (MB/D) Under 3 3 -5 5 -7 7 -9 9 -1 1  1 1+ Total -- -- -- -- --

0 -10 20 * 0 0 * 0 44  
( 4 )  ( 7 ) 

10 -30 229  * 226  * 0 0 6 94 
( 1 2 )  ( 1 1 )  (34 ) 

..... 30 -50 * 221  443 * * 0 1 , 12 6  
. -....! 

( 5 ) ( 1 0 )  ( 2 5 ) w 

50 -100 * * 1 , 085 915 266 3 14 2 , 705 
( 1 6 )  ( 1 3 )  ( 3 ) ( 4 ) ( 3 8 )  

100 -175  0 3 91 5 50 962 509 510 2 , 92 1  
( 3 ) ( 4 ) ( 7 ) ( 4 )  ( 4 )  ( 2 2 )  

175+ 0 0 3 , 134 3 , 575  * * 7 , 340 
( 9 ) ( 1 2 )  ( 2 3 )  

Total 414 910 5 , 439  5 , 748  1 , 061 1 , 259  14 , 830 
( 1 9 )  ( 2 1 ) ( 5 0 )  ( 3 9 )  ( 1 1 )  ( 9 ) ( 1 4 9 )  

*Data withheld t o  pro tect confidentiality . 



TABLE 90 

Sys tem Crud e Charge Capac ity ( MB/D ) and Numbers of Refineries 
for Refiners Re port ing Addit ional Fac ilities Needed 

to Increase Unlead ed Gasoline Produc tion at 8 7  (R+M) /2 
to 90  Percent of Total 1982  Gasoline Production 

Complexity Factor 
Geographic 
Area (PAD )  Under 3 3-5 5-7 7-9 9-1 1 1 1+ Total 

I * 0 * * 0 0 595  
( 8 )  

II * 138 1 , 010 1 , 059 * * 2 , 465  
( 3 ) ( 1 5 )  ( 8 )  (30 ) 

I--' III 140 377  328  1 , 093 * * 2 , 7 60 -.J 
.!::> ( 9 ) ( 6 )  ( 4 )  ( 7 )  ( 3 1 ) 

IV 89 107 * * 0 0 341 
( 4 )  ( 5 )  ( 1 5 ) 

v 165  2 1 6  * 399 254 * 1 , 257  
( 6 )  ( 6 )  ( 3 )  ( 3 )  ( 2 1 ) 

To tal 486 838  1 , 741 2 , 905 652 796 7 , 41 7  
( 2 3 )  ( 2 0 )  ( 2 7 ) ( 23 )  ( 7 )  ( 5 )  ( 105 ) 

*Data withheld to pro tect confidentiality . 



TABLE 91 

System Crud e Charge Capacity ( MB/D ) and Numbers of Refineries 
for Refiners Report ing Addi t ional Fac ilities Needed 

to Increase Unleaded Gasoline Produc tion at 8 9  (R+M) /2 
to 90 P ercent of Total 1982 Gasoline Production 

Complexity Factor 
Geographic 
Area (PAD )  Under 3 3 -5 S -7 7 -9 9 -1 1  1 1+ Total  

-- -- -- -- -- -

I * 0 891 * * * 1 '  61 7 
( 6 )  ( 14 ) 

II * 199  1 , 476  1 , 861 206 * 3 , 87 5  
( 4 )  ( 2 0 )  ( 1 4 )  ( 3 )  ( 43 ) 

f-' III 96 397 2 , 126 2 , 547 468 550 6 , 184 
-...J 

( 7 ) ( 7 ) ( 1 1 )  ( 14 )  ( 3 )  ( 3 )  ( 45 ) lJl 

IV 85 107 202 * * 0 505 
( 3 )  ( 5 )  ( 7 ) ( 1 8 ) 

v 181 207 743 816 254 449 2 , 64 9  
( 6 )  ( 5 )  ( 6 )  ( 5 )  ( 3 )  ( 4 )  ( 29 ) 

To tal 414  91 0 5 , 439  5 , 748  1 , 061 1 , 259  14 , 830 
( 1 9 )  ( 2 1 )  ( 50 )  ( 39 ) ( 1 1 )  ( 9 )  ( 149 ) 

*Data withheld to pro tect confident iality . 



T h e  n e ed f o r  new f a c i l i t i e s  fo r 9 0  perc e n t  un l e ad e d  g a s o l i ne i s  
rather bro ad l y  bas ed throughout the i ndus t ry . There i s  no appare n t  
c orre l a t i o n  w i t h  re f inery compl ex i ty .  

T h e s e  r e l a t ive ly sma l l  i ncrea s e s  i n  re f i ne ry c ap a c i ty to pro
duce a 9 0  pe rc e n t  m i x  of 8 7  ( R+M ) /2 un l e ad ed ga so l i n e  s up port th e 
P a r t  I s urvey r e s ul t s  wh ich indi c a t e  t h a t  t h e  i nd u s t ry i s  e xp e c ted 
to h ave the c apab i l i ty to pro duce abou t 8 0  per c e n t  of a n  8 7  ( R+M ) / 2 
o c t a n e  un l e ad e d  produ c t  i n  1 9 8 2 . 

I nc re a s i ng t he un l e aded oc tane qual i ty to 8 9  ( R+M ) / 2 would r e
quire add i t ional  re fo rmi ng a nd add i t ional i some r i za t io n  c apac i ty i n  
o ve r  h a l f  o f  a l l r es po nd e n t  r e f i ne r i e s . Re s po nde n t s  represe n t i ng 
sys tem c rude o i l  r e f i n i ng capa c i ty o f  1 4 , 8 3 0  M B/D i nd i c a ted a need  
to i nc r e a s e  re form i ng c apac i ty ove r the 1 9 8 2 e x p e c ted capac i ty 
l e ve l s  by 5 6 7  M B/D a t  7 6  re f i ne r i e s  and to i nc r e a s e  i some r i za t io n  
c apac i ty b y  4 2 1  M B/D i n  6 9  r e f ine r ie s . A t  t h i s  h i g h e r  o c tane 
l eve l , re form i ng c a pa c i ty would be i nc re a s ed abou t 14 per c e n t  and 
i some r i z a t ion c apac i ty woul d  be i n crea sed ove r four t im e s the cur
rent c apac i ty for e c a s t  for 1 9 8 2 . Added oc tane improveme n t  c apab i l
i ty wou l d  b e  needed acros s a l l  ag greg a t i on s  and wou l d  be rough l y  
propor t iona te t o  the i r  c apac i t i e s .  A l th ough t h e  l arger r e f i ne r i e s  
we re g e n e ra l ly a b l e  to me e t  the 9 0  pe r c e n t  un l e ad e d  mi x a t  the 
l owe r octane l eve l s urveyed , ad d i t i o n a l  proce s s i ng requi r emen t s  for 
8 9  ( R+M ) / 2 oct ane req u i r e  r eform i ng and i some r i z a t i o n  i n  nearly 
h a l f  o f  the l a rger re f i ner i e s  a s  we l l . Here  the g r e a t e r  n e ed for 
a dd i t i onal c apac i ty i s  s uppo r t ive o f  the re s ul t s  to Pa r t  I of  the 
s urvey , wh i ch pro j e c t  that only 64 pe r c e n t  of t h e  1 9 8 2  poo l  w i l l  be 
u n l e ad ed ga so l i ne i f  the un le aded oct ane is  8 9  ( R+M ) / 2 . 

E x h ib i t  2 i s  a s umma ry of the total ad d i t ional f ac i l i t i e s  
requ ired to produc e  9 0  percent un l e aded ga so l i n e  ba s ed on to t a l  
1 9 8 2  f inal r eq u i r eme n ts . 

1 7 6  



EXH I B I T  2 

8 7  ( R+M ) / 2  8 9  ( R+M ) /2 
Add e d  Add e d  

C apac i ty N umbe r o f  C apac i ty N umber of 
( MB/D ) Re f i ner i e s  ( MB/D ) Re f i n e r i e s  

C r ude Di s t i l l a t i o n  3 2  7 3 7  9 
Vacuum D i s t i l l a tion 5 7  1 2  5 0  1 4  
Re fo rmi ng 2 3 1  5 5  5 6 7  7 6  
I some r i z a tion 1 4 6 3 3  4 2 1 6 9  
Alkyl a t i o n  4 0  1 8  4 3  2 0  
Ca taly t ic C r ack i ng 1 4 8  1 7  9 6  1 6  
Hyd ro tre a t i ng 1 8 1  3 2  5 0 4  5 2  
Hyd rocrack i ng 4 3  7 5 1  7 
Hyd rogen Gene r a t i o n  

( MMSC F/D ) 7 7  1 2  8 5  1 0  
Po lymer i z a t io n  6 4 6 4 
Naph tha S pl i t t i ng 1 3 2  1 5  2 9 8  2 1  

A few r e s po nd e n t s  s ubmi tted q u a l i t a t i ve c omme n t s  o n ly . The s e  
1 4  r e f i ne r i e s  had a c rud e o i l  c apac i ty o f  o n ly 6 9 1 M B/D a nd the i r  
r e s pon s e s  d id n o t  s ign i f i c a n t ly a f f e c t  the  t r e n d s  obse rved . 

I t  i s  of i n tere s t  to obs e r ve that  e ig h t  r e f i ne r i e s  fo r sys t ems 
h av i ng a c ombi ned c apac i ty of 3 7 7 MB/D s pe c i f i e d  f a c i l i t i e s  fo r the 
8 7  ( R+M ) / 2  por t ion o f  the s urvey o n ly , s ug ge s t i ng that the s e  pl an t s  
cons ider  8 9  ( R+M ) / 2 e i ther i n f e a s ibl e o r  un l ike ly fo r the i r  s i t ua
t i on s . In ad d i t i o n , 4 8  r e f i n e r ie s ,  r e pre s e n t i ng sys t ems wi th a n  
aggreg a te crude o i l  c apac i ty o f  7 , 8 9 2 M B/D , s uppl ied proce s s  d a ta 
for the  ma n u f a c t ure o f  8 9  ( R+M ) / 2 un l e aded g a so l i ne on ly . Th i s  may 
impl y t h a t  t h e s e  re f i ner i e s  a l re ady p l a n  to have s u f f i c i e n t  c a pa
b i l i t y  by 1 9 8 2  to manu fac t ur e  9 0  perc e n t 8 7  ( R+M ) / 2 un l e ad e d  
g asol i n e . 

1 7 7  



Re f i ne r s  h ave b e e n  mak i ng ma j or c ap i tal e x p e nd i t ur � s  f o r  a 
number o f  years  for octane improveme n t  f ac i l i t i e s . For  the per iod 
J anuary 1 ,  1 9 7 9 , t o  Janu ary 1 ,  1 9 8 2 , r e f ine r i e s  r e spond i ng t o  P a r t  
I o f  t h i s  s urvey w i l l  be i n s tal l i ng t h e  fo l l ow i ng f ac i l i t i e s : 

P l a nned C apa c i ty I n crea s e s  [ M B/D ] 
( Ja n u a ry 1 ,  1 9 7 9  - January 1 ,  1 9 8 2 ) 

Re formi ng 4 7 3  
I s ome r i z a t ion 4 2  
A lk y l a t i o n  5 6  
C a t a ly t i c  C r a ck i ng 4 0 8  
Hydro tre a t i ng 9 8 0  
Hyd roc rack i ng 2 2  
Po lyme r i z a t ion 8 

E xp e c t a t ions o f  ob t a i n i ng the n e c e s s a ry p e rmi t s  a nd t he l ike l i
hood o f  i n s t a l l a t i on o f  add i t ional octane capa c i ty a r e  much g r e a te r  
than for  e i th e r  sour c rude proc e s s ing o r  prod u c t i o n  o f  add i t i o n a l  
l ow s u l f ur h e avy f ue l  o i l . Re f i ne r s  repre s e n t i ng over 9 0  pe r c e n t 
o f  the c apac i ty o f  those r eq u i r i ng new f ac i l i t i e s  cons id e r  t h a t  i t  
i s  pos s ib l e  to obta i n  the  nece s sa ry pe rm i t s . Re f i n e r i e s  repre s e n t
ing s l igh tly o ve r  h a l f o f  th i s  respo ndent capa c i ty ( 5 5 p e r c en t ) 
h ave a med i um o r  h igh e xpe c ta t ion o f  add i ng th e s e  n ew f ac i l i t i e s . 

The ave r age l e ad t ime that  wa s e s t ima ted to be n e c e s s a ry to 
comp l e te new or exp anded f ac i l i t i e s  ( i f they we r e  to be bu i l t ) r u n s  
from 3 5  mon t h s  f o r  t h e  smal l e r  re f i n e r i e s  t o  4 3  mon t h s  f o r  the  
l arg e r  p l a n t s . 

I NCREASED LOW SU L FUR HEAVY FUEL O I L  MAN UFACTURI NG CAPA BI L I TY 

S uppo r t i ng d a ta for the fo l l ow i ng d i s c u s s ion r e l a t i ve to added 
c apab i l i ty for the ma n u f ac t ur e  o f  l ow s ul f ur h e avy f ue l  o i l  a r e  
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prov ided  f o r  ag g r ega t i on by re f i nery s i z e  i n  T a b l e s  9 2  a nd 9 3 ; by 
re f i ne ry l o c a t ion in Tab l e s  9 4  and 9 5 ;  by re f i n e ry c ompl e x i ty i n  
Ta bl e s  9 6  and 9 7 ;  and by c ompany s i z e i n  Tabl e s  9 8  and 9 9 .  I n  
add i t ion , Table s  1 0 0 , 1 0 1 , and 1 0 2  pro v id e  d emograph i c  d a t a . 

Re f i ners we re reque s ted to de f i ne those ad d e d  f a c i l i t i e s  wh i ch 
woul d  be n e c e s s a ry to increase  the c apab i l i ty to prod u c e  l ow s ul f ur 
( 0 . 7  perc e n t )  h e avy f ue l  o i l  by an amo un t  equ iv a l e n t  to 2 5  perc e n t  
o f  t h e  to tal he avy f ue l  o i l  pr o j e c ted to be prod u c e d  i n  1 9 8 2 . A 
f urther cons idera t ion wa s that there wa s to be m i n imum c h a ng e  i n  
o th e r  produc t vol ume s .  

A c t u a l  exp a ns i on wo u l d  be req u i red a t  1 0 7  r e f i ner i e s  wi th a 
comb i ned c r ud e  o i l c apac i ty o f  8 , 9 9 3  M B/ D .  Th i s  re pre s e n t s  3 7  pe r
cent  of to t a l  u . s .  r e f i n er i e s , or 4 7  percent o f  t he i r  c apac i ty a s  
of January 1 ,  1 9 8 2 .  S i nce some c ompa n i e s  e l e c ted t h e  '' s y s t ems " 
approach to new f ac i l i t i e s , t he re spo ns e  to th i s  s e c t ion o f  the s ur
vey may s e em l e s s  than wa s ac tual ly repr e s e n t ed . As soc i a t e d  wi t h  
the 1 0 7  r e f i ne r i e s  a t  wh i c h  new f ac i l i t i e s  m ig h t  be a d d e d  we re 4 1  
other r e f iner ie s .  To t a l  sys t ems capa c i ty for a l l  the s e  r e f i ne r i e s  
was 1 4 , 0 2 7 M B/D , e q u i v a l e n t  t o  7 3  percent o f  t h e  J a n u a ry 1 ,  1 9 8 2  
capac i ty ,  a s  pro j e c ted i n  Part I .  I n  add i t i o n , 3 7  o t h e r  re f ine r
i e s , wi th an ag greg a te 1 9 8 2  c apac i ty o f  2 , 2 0 2  M B/D , r e s ponded to 
qua l i ta t i ve q ue s t ions a l t hough they d id not re po r t  proce s s  d a t a . 
Th us , the to t a l  re f i n i ng c apa c i ty r e s po nd i ng to th i s  s e c t ion o f  the 
s urvey re pre sen ted 8 5  pe rcent o f  pro j e c te d  1 9 8 2  U . S .  capac i ty .  

The mos t  s ign i f icant incre a s e s  i n  proce s s i ng c apab i l i ty d i rec t
ly re l a ted to prod u c ing f ue l  o i l of l ow s ul f ur q u a l i ty we re for 
hyd ro treat i ng naph tha and d i s t i l l a te s  ( 3 6 4 M B/D ) , h yd rore f i n i ng 
( 2 3 3 M B/D ) , hyd rog e n  g e nerat ion ( 2 1 0  MMS C F/D ) ,  a nd s ul f ur re cove ry 
( 1 , 3 5 1  LT/D ) . A l so r e ported we re c r ud e  o i l d i s t i l l a t ion and naph
tha r e f o nn i ng f ac i l i t i e s  wh i c h  wou l d  be nece s s ary to perm i t re f i n
i ng the add i t ional c r ud e  o i l i n  order to ma i n t a i n  vo l ume s o f  o the r 
produc t s  wh i l e  i n c r e a s ing the quant i ty o f  he avy f ue l  o i l . 
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TABLE 92 

Additional Facil ities Necessary to Increase 
Low Sulfur ( 0 . 7  Percent)  Heavy Fuel Oil Manufacturing Capability 

by 25  Percent of  Total 1 982 Heavy Fuel Oil Manufacturing Capability 
( Capacities Aggregated in MB/D )  

Refinery S ize  (MB/D)  
Process Type 0-10 10-30 30-50 50-100 100-175  1 7 5+ Total 

1 .  Crude Oil Distillation 48 122 70 85 192  252 769 

2 .  Vacuum Dist illation 14 90 43 1 7  5 8  7 5  297 

3 .  Reforming 12  10  10 10 40 26  108 

4 .  Hydro treating - Naphtha 6 6 * 42 29 * 91  

5 .  Hydrotreating - Distillate 14 23 56  48  33  9 9  273 

6 .  Hydrorefining 8 9 13  64 80 59 233 

7 .  Hydrogen Generation (MMCF/D)  17  1 8  32  58  50 35  210 

8 .  Sulfur Recovery and Tail Gas 81 59 353 315 264 279 1 , 351  
(LT/D) 

9 .  Tankage (Mbbl) 1 , 042 1 , 255 1 , 100 2 , 285 1 , 930 2 , 520 1 0 , 132 

10.  Refineries Reporting 
Above Facil ities 

1 982 Crude Oil Capacity 142 498 675 1 , 408 2 , 028  4 , 243 8 , 9 93 
1 982 Crude Oil Throughput 134 445 612 1 , 332 1 , 878 3 , 950 8 , 351 
Number of  Refineries 20t 24 15  20 15  1 3  107 
1982 Heavy Fuel Oil Production 47 106 84 1 6 3  203 599 1 , 202 

1 1 .  As sociated Refining Systems 

1982 Crude Oil Capacity 148 650 905 2 , 1 81 2 , 7 06 7 , 437  14 , 02 7  
1 982 Crude O i l  Throughput 140 562 822 2 , 07 2  2 , 486 6 , 99 9  13 , 081  
Number of Refineries 2lt  31  20  32  21  23  1 48 
1 982 Heavy Fuel Oil Produc tion 47 109 90 241 220 792 1 , 500 
25 Percent Increase in HFO 

Produc tion 12  27  23  60 55  198  375  

*Data withheld to  protect confidentiality . 
tincludes two refineries with no crude runs , but substantive feeds tocks of  o ther types . 
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TABLE 93 

Additional Facilities Necessary to Increase 
Low Sulfur ( 0 . 7  Percen t )  Heavy Fuel Oil Manufacturing Capability 

by 25 P ercent of  Total 1982 Heavy Fuel Oil Production 

Refinery S ize ( MB /D )  
Factors 0-10 10-30 30-50 50-100 100-175  1 7 5+ Total 

1 .  25 Percent HFO Increase 
( MB/CD) Classified by 
Incremental Crude 
As sumed 

Sweet * 4 7 14  * * 52 
Light Medium * * * 3 
Heavy Medium * * * * * * 26 
Light High * 5 * 16  15  * 7 9  
Heavy High * 9 15 * 1 1  9 1  134 

• Number of Refineries 

Sweet * 9 5 4 * * 27 
Light Medium * * * 4 
Heavy Medium * * * * * 9 
Light High * 3 * 1 1  4 * 25 
Heavy High * 7 8 * 3 6 32  

2 .  Obtain Necessary Permits? 

• Refinery Crud e  Capacity 

Yes * 380 * * 1 , 058 * 6 , 067 
No * 117  * * 959  * 1 , 9 6 5  

·• Number of Refineries 

Yes * 1 8  * * 8 * 7 9  
No * 6 * * 7 * 1 9  

3 .  Lead Time Required 

• Refinery Crud e Capacity 102 380 599 1 , 112  1 , 61 7  3 , 359 7 , 169 

• Number of Months 35  30 38  44  44  55  39  

4 .  Likelihood of 
Installation 

• Refinery Crude Capac ity 

Low 99  377  527  * 1 , 897  * 7 , 61 4  
Medium * * 209 * * * 828 
High * * * 165  
Impo ssiblet 

• Number of Re fineries 

Low 
Medium 
High 1 6  1 9  12 * 14 * 87 
Impossiblet * * 5 * * * 1 4  

18 1 



5 .  

6 .  

7 .  

TABLE 93 ( continued) 

Refineries Reporting 
Above Fac ilities 

1 9 82 Crude Capacity 142 498 
1 982 Crud e Throughput 134  445  
Number of Refineries 20§ 24 
Heavy Fuel Oil 

Production 47 109 

As sociated Refining 
Systems 

1982 Crud e Capacity 148 650 
1 9 82 Crude Throughput 140 562 
Number of  Re fineries 2 1 §  3 1  
Heavy Fuel Oil 

Produc tion 47 109 
25 Percent Increase in 

HFO Production 1 2  27  

Refineries Providing 
Only Qualitative 
Re sponses� 

Number of  Refineries 6 9 
1 982 Crude Capacity 29 185  
1982 HFO Produc tion 7 20 

*Data withheld to protect confident iality . 
tMerged with l OW to pro tect confid entiality . 

675 1 , 408 
612  1 , 332 

1.5 20 

84 163  

905 2 , 181 
822 2 , 072 

20 32 

90 24 1 

23 60 

9 9 
355 399  

40 38 

2 , 028 4 , 243 8 , 99 3  
1 , 878 3 , 9 50 8 , 35 1  

1 5  13 107 

203 599 1 , 202 

2 , 706 7 , 437 14 , 207 
2 , 486 6 , 9.99 1 3 , 08 1  

2 1  23 148 

220 792 1 , 500 

55 1 98 375  

* * 37  
* * 2 , 202 
* * 1 78 

§Includes two refineries with no crude runs , but substantive feeds tocks of other types . 
�Not included in Sec tions 1 -4 o f  this table .  
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TABLE 94 

Additional Facilities Necessary to Increase 
Low Sulfur ( 0 . 7  Percen t )  Heavy Fuel Oil Manufacturing Capability 

by 25 Percent of Total 1982 Heavy Fuel Oil Production 
( Capacities Aggregated in MB/D ) 

Geographic Area (PAD ) 
Process Type I II  III  IV v Total 

1 .  Crude Oil Distillation 110 124 348 23  165  7 6 9  

2 .  Vacuum Distillation 35 73  92 11 87 297 

3 .  Reforming t 25  52  5 21  108 

4 .  Hydrotreating - Naphtha 7 21 51 * 10  91  

5 .  Hydrotreating - Distillation 21 58 84 8 103 273 

6 .  Hydrorefining 24 47 124 t 39  233 

7 .  Hydrogen Generation (MMCF/D) 19  64 80 t 47 210 

8 .  Sulfur Recovery and Tail Gas 
(LT/D ) 169  348 581 47 206 1 , 351 

9 .  Tankage (Mbbl) 1 , 885 1 , 745 3 , 7 80 417  2 , 305 10 , 132 

1 0 .  Refineries Reporting 
Above Facilities 

1982 Crude Oil Capacity 782 2 , 125 3 , 875 256 1 , 956 8 , 993  
19'82 Crude Oil Throughput 759  2 , 000 3 , 636 232 1 , 723 8 , 351  
Number of Refineries 10 25  36§  10 26  107 
1982 Heavy Fuel Oil Production 117  126 445 10 503 1 , 202 

1 1 .  Associated Refining Systems 

1 982 Crude Oil Capacity 1 ,  770 3 , 043 6 , 226 363 2 , 626 1 4 , 027  
1982 Crude Oil Throughput 1 ,  720 2 , 872  5 , 839  320 2 , 330 13 , 081  
Number of Refineries 20 38  44§  13 33 148 
1 982 Heavy Fuel Produc tion 259 155 538 12 537 1 , 500 
25 Percent Increase in HFO 

Production 65 3 9  134 3 134 375 

*Data withheld to protect confidentiality . 
tMerged with ad jacent higher category to protect confidentiality .  
§Includes two refineries with no  crude runs , but substant ive feedstocks of  o ther types . 
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TABLE 95 

Additional Facilities Necessary to Increase 
Low Sulfur ( 0 . 7  Percent ) Heavy Fuel Oil Manufacturing Capability 

by 25  P ercent of  Total 1982 Heavy Fuel Oil  P roduction 

Geographic Area (PAD ) 
Questions I II  III  IV v Total 

1 .  Type o f  Crude Assumed 

• 25 Percent HFO Increase 
(MB/D ) Classified by 
Incremental Crude 
Assumed 

Sweet * 1 5  * * 52 
Light Medium * * * 3 
Heavy Med ium 26 26  
Light High * 9 41  * 18  7 9  
Heavy High * 4 44 * 79  1 34 

• Number of Refineries 

Sweet * 1 1  * * 27 
Light Medium * * * 4 
Heavy Med ium 9 9 
Light High * 7 10 * 4 25  
Heavy High * 4 12  * 1 1  3 2  

2 .  Obt�in Necessary Permits? 

• Re finery Crude  Capacity 

Yes 410 * 3 , 301 * 664 6 , 067 
No 3 5 1  * 306 * 1 , 027 1 , 965  

• Number of Refineries 

Yes 7 * 3 1  * 14  79  
No 3 * 4 * 10 1 9  

3 .  Lead Time Required 

• Refinery Crude Capacity 578 1 , 7 69 3 , 1 50 240 1 , 488 7 , 1 6 9  

• Number of Months 40 40 37 32 41  39  

4 .  Likelihood of Ins tallation 

• Refinery Crude Capacity 

Low 761  1 , 987 3 , 142 1 10 1 , 638  7 , 61 4  
Medium * * * 100 828 
High * * * 160 165 
Impossiblet 

• Number of Refineries 

Low 10 24 27 7 20 87 
Medium * * * 3 14  
High * * * 3 6 
Imposs iblet 
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TABLE 95 ( continued) 

Refineries Reporting 
Above Facilities 

1 982 Crude Capacity 782 2 , 125 
19 82 Crude Throughput 759  2 , 000 
Number of Refineries 10 25 
1982 Heavy Fuel Oil 

Produc tion 1 1 7  126  

As sociated Refining 
Systems 

1982 Crude Capacity 1 , 770  3 , 043 
1982 Crude Throughput 1 ,  720 2 , 872  
Number of Refineries 20 38 
1 982 Heavy Fuel 

Production 259 155 
25 Percent Increase  in 

HFO Production 65 39  

Refineries Providing 
Only Qual itative 
Responses 

Number of Refineries * 9 
1 982 Crude Capacity * 760 
1982 HFO Production * 28 

*Data withheld to pro tec t confidentiality . 
tMerged with "Low" to protect conf identiality . 

3 , 875  
3 , 636 

36§  

445 

6 , 226 
5 , 83 9  

44§ 

538 

1 34 

1 7  
1 , 179  

106 

256 1 , 956 8 , 993 
232 1 ,  723 8 , 351  

10 26  107  

10  503 1 , 202 

363 2 , 626 1 4 , 02 7  
320 2 , 330 1 3 , 081  

13  33 148 

12  537 1 , 500 

3 134 3 7 5  

* 3 3 7  
* 1 1 4  2 , 202 
* 38  1 7 8  

§Includes two refineries with no crud e runs , but sub stantive feed stocks of  other types . 
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TABLE 96 

Additional Facil ities Neces sary to Increase 
Low Sulfur ( 0 . 7  Percent ) Heavy Fuel Oil Manufacturing Capability 

by 25 P ercent of Total 1982 Heavy Fuel Oil Produc tion 
( Capacities Aggregated in MB/D) 

Complexity Factor 
Process Type 0-3 3-5 5-7 7-9 9-11 1 1+ Total 

1 .  Crude Oil Dist illat ion 1 7 1  59 240 238 62 t 769 

2 .  Vacuum Distillation 99 1 6  8 9  8 1  * * 297 

3 .  Reforming 13 18  33  41  * * 108 

4 .  Hydrotreating - Naphtha 1 1  9 26  12  * * 9 1  

5 .  Hydrotreating - Dist illation 25 27 83 86  52 t 273  

6 .  Hydrorefining 21  32 109 43 27 t 233 

7 .  Hydrogen Generation ( MMCF/D) 21 23 88  46 32  t 210 

8 .  Sulfur Recovery and Tail Ga s 
(LT/D ) 110 204 721  264 52 t 1 , 351 

9 .  Tankage (Mbbl )  2 , 180 1 , 827 3 , 005 1 , 7 35 1 , 37 5  t 10 , 132 

1 0 .  Refineries Reporting 
Above Fac ilities 

1982 Crude Oil Capacity 564 4 93 2 , 464 4 , 100 627 746 8 , 993  
1982 Crude Oil Throughput 501 473 2 , 324 3 , 81 1  568 674 8 , 351 
Number of Ref ineries 33§ 14 23 24 7 6 107 
1 982 Heavy Fuel Oil Produc tion 158 1 10 384 421  63  66  1 , 202 

1 1 .  Associated Refining Systems 

1982 Crude Oil Capacity 680 675 4 , 875  5 , 476  1 , 017 1 , 305 1 4 , 027 
1 982 Crude Oil Throughput 590 642 4 , 6 11  5 , 096 94 9 1 , 1 94 13 , 081  
Number of Refineries 38§ 17  41 34 10 8 148 
1982 Heavy Fuel Oil Production 1 84 1 1 5  550 477  77  97  1 , 500 
25 Percent Increase in l-IFO 

Produc tion 46 29 137  1 1 9  1 9  2 4  375 

*Data withheld to pro tect confidentiality.  
tMerged with adjacent lower size category to protect conf ident iality . 
§Includ es two refineries wi th no crud e runs , but substantive feed stocks of other types . 
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TABLE 97 

Additional Facilities Necessary to Increase 
Low Sulfur ( 0 . 7  Percen t )  Heavy Fuel Oil Manufacturing Capability 

by 25 P ercent of  Total 1982 Heavy Fuel Oil Production 

Complexity Factor 
Questions 0-3 3-5 5-7 7-9 9-1 1 1 1+ Total 

1 .  Type o f  Crude Assumed 

• 25 Percent HFO Increase  
( MB/D ) Classified by 
Incremental Crude 
As sumed 

Sweet 13  6 * 27 * * 52 
Light Medium * * 3 
Heavy Med ium * * 1 1  26  
Light High * * 30 43 * * 7 9  
Heavy High 14 8 60 36  * * 134 

• Number of  Refineries 

Sweet 6 5 * 7 * * 2 7  
Light Medium * * 4 
Heavy Medium * * 3 9 
Light High * * 6 12  * * 2 5  
Heavy High 13 4 7 4 * * 32 

2 .  Obtain Necessary Permits? 

• Refinery Crud e  Capacity 

Yes 366 * 1 , 433 2 , 561  * * 6 , 067 
No 124 * 933 687 * * 1 , 965 

• Number of Refineries 

Yes 27  * 16  15  * * 7 9  
No 7 * 5 3 * * 1 9  

3 .  Lead Time Required 

• Refinery Crude Capacity 376 773  2 , 126 2 , 664 824 406 7 , 1 6 9  

• Number of  Months 30 35 44 46 45 45 3 9  

4 .  Likelihood o f  Installation 

• Refinery Crude Capacity 

Low 382 642 * * 7 1 3  * 7 , 61 4  
Medium 85 * * * 2 1 9  82 8 
High 15  * * 165  
Impo ssiblet 

• Number of Refineries 

Low 2 7  1 1  * * 5 * 87 
Medium 4 * * * 3 1 4  
High 4 * * 6 
Impossiblet 
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TABLE 97 (Continued ) 

Refineries Reporting 
Above Facilities 

1 982 Crud e  Capacity 564 4 93 
1 982 Crude Throughput 501 473 
Number of Refineries 33§  14 
1 9 82 Heavy Fuel Oil 

Produc tion 158 110 

Associated Refining 
Systems 

1 9 82 Crude Capacity 680 675 
1 982 Crude Throughput 590 642 
Number of Refineries 38§ 17 
1982 Heavy Fuel Oil 

Production 1 84 115 
2 5  Percent Increase in 

HFO Production 46  29 

Refineries Providing Only 
Qual itat ive Re sponses� 

Number of Refineries 9 8 
1982 Crud e Capacity 150 324 
1 9 82 HFO Product ion 38  41  

*Data wi thheld to pro tect confid entiality. 
tMerged with "Low" to protect confident iality . 

2 , 464 
2 , 324 

23 

384 

4 , 875 
4 , 61 1  

41  

550 

137 

10 
752 

42 

4 , 100 627  746 8 , 993 
3 , 81 1  568 674 8 , 35 1  

2 4  7 6 107 

421  63  66 1 , 202 

5 , 47 6  1 , 017  1 , 305 1 4 , 027  
5 , 096 949 1 , 1 94 13 , 081  

34 10  8 148 

477 77  97 1 , 500 

1 1 9  1 9  2 4  3 7 5  

8 * * 3 7  
8 1 7  * * 2 , 202 

48 * * 1 7 8  

§Includes two refineries with no .crud e run s ,  but sub stant ive feedstocks of o ther types . 
�Not included in Tabl e 97 data . 
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TABLE 98 

Additional Facilities Necessary to Increase 
Low Sulfur ( 0 . 7  Percent)  Heavy Fuel Oil Manufacturing Capability 

by 25 Percent of Total 1982 Heavy Fuel Oil Production 
( Capacities Aggregated in MB/D ) 

Company Size  ( MB /D)  
Process Type 0-10 10-30 30-50 50-100 100-175  1 7 5+ Total 

1 .  Crude Oil Dist illation 48 113  36  45 33  495 769 

2.  Vacuum Dist illat ion 14 86 15  29 33  119  297  

3 .  Reforming 5 9 * 7 * 80 108 

4 .  Hydrotreating - Naphtha 6 4 * 7 * 69 91 

5 .  Hydrotreating - Distillate 9 23 * 30 * 190 273 

6 .  Hydrorefining * 6 * 33  174  233  

7 .  Hydrogen Generation (MMCF/D)  12 11 * 24 * 139  210 

8 .  Sulfur Recovery and Tail Gas 
(LT/D ) 59  37  130 197  t 928 1 , 351 

9 .  Tankage (Mbbl) 982 1 , 195 * 880 * 6 , 065 10 , 132 

10. Refineries Reporting 
Above Facilities 

1982 Crude Oil Capacity 116  354 332 557 795 6 , 840 8 , 993  
1982 Crude Oil Throughput 108 329 302 532 735  6 , 345 8 , 351 
Number of Refineries 16§  19  7 13  9 43 107 
1 982 Heavy Fuel Oil Produc tion 44 101 55 85 68 848 1 , 202 

1 1 .  Associated Refining Systems 

1982 Crude Oil Capacity 116  354 332 710 795  1 1 , 720 1 4 , 027  
1 982 Crude Oil Throughput 108 329 302 626 735 10 , 932 13 , 081 
Number of Refineries 16§ 19  7 1 6  9 81 148 
1 982 Heavy Fuel Oil Production 4 101 55 124 68 1 , 108 1 , 500 
25 Percent Increase in HFO 

Produc tion 11 25 14 31 17 277 375 

*Entry withheld to pro tect confidentiality . 
tMerged with adjacent lower size category to protect confidentiality . 
§Includes two refineries with no crude runs , but subs tant ive feeds tocks of other types . 
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TABLE 99 

Additional Facilities to Increase 
Low Sulfur ( 0 . 7  Percen t )  Heavy Fuel Oil Manufacturing Capability 

by 25 Percent of Total 1982 Heavy Fuel Oil Production 

Company S ize Category ( MB /D )  
Factors 0-10 10-30 30-50 50-100 100-175  1 7 5+ Total 

1 .  Type of Crude Assumed 

• 25 Percent HFO Increase 
( MB/CD) Classified by 
Incremental Crude 
Assumed 

Sweet * 4 * 1 2  8 23 52 
Light Medium * * * * 3 
Heavy Medium * * * * 26 
Light High * * * * 67 79  
Heavy High 3 10 8 * * 112  134  

• Number of Refineries 

Sweet * 6 * 6 3 8 27  
Light Medium * * * * 4 
Heavy Medium * * * * * 9 
Light High * * * * 1 7  25 
Heavy High 4 8 4 * * 14  32  

2 .  Ob tain Necessary Permits? 

• Refinery Crud e Capacity 

Yes * 255 1 70 452  * 4 , 696  6 , 067 
No * 100 * 1 , 609 1 , 965 

• Number of Refineries 

Yes * 14 4 1 1  * 3 1  7 9  
No * 5 * 10 19  

3 .  Lead Time Required 

• Refinery Crude Capacity 86 255 214  402 550 5 , 663 7 , 16 9  

• Number of Months 29 29  36  35  38  48 39  

4 .  Likelihood of Installa-
tion 

• Refinery Crud e Capacity 

Low 77  259  133 * * 6 , 089 7 , 614 
Medium * * 122 * * * 828 
High * * * 165 
Imposs iblet 

• Number of Refineries 

Low 12  15  3 * * 38  87  
Medium * * 3 * * * 14 
High * * * 6 
Impossiblet 
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TABLE 99 ( continued) 

Refineries Reporting 
Above Fac ilities 

1 982 Crude Capacity 1 1 6  354 
1 982 Crud e Throughput 108 329 
Number of Refineries 16§  19  
1 982 Heavy Fuel Oil 

Production 44 101 

As sociated Refining 
Systems 

1 982 Crud e Capacity 1 1 6  354 
1982 Crude Throughput 108 329 
Number of Refineries 1 6§ 19  
1 982 Heavy Fuel Oil 

Produc tion 44 101 
25 Percent Increase in 

HFO Produc tion 1 1  25  

Refineries Provid ing 
Only Qualitative 
Responses1T 

Number of Refineries 4 5 
1 9 82 Crude Capacity 19 105 
1982 HFO Produc tion 6 1 8  

*Data withheld to protect confidentiality . 
tMerged with "Low" to protect confidential ity . 

332 
302 

7 

55 

332 
302 

7 

55 

14 

7 
245 

37 

557 795  6 , 840 8 , 99 3  
532 735 6 , 345 8 , 351 

13 9 43 107 

85 68 848 1 , 202  

7 1 0  795  1 1 , 720 14 , 02 7  
626 735 1 0 , 932 1 3 , 081  

16  9 81 148 

124 68 1 , 108 1 , 500 

3 1  1 7  277  375 

6 0 1 5  3 7  
251  1 , 581 2 , 202 

3 1 1 4  1 78 

§ Includes two refineries with no crude runs , but substant ive feeds tocks of other types . 
1TNot included in Table 9 9  data . 
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TABLE 100 

Sys tem Crud e Charge Capac ity (MB/D ) and Number of Refineries 
for Refiners Report ing Addit ional Fac ilities Needed 

to Increase Low Sul fur Fuel Oil Manufac turing Capability 
by 25  Percent of Total 1982  Heavy Fuel Oil  P roduct ion 

Refinery S ize (MB/D )  
Geographic 
Area (PAD )  0-10 10-30 30-50 50-100 100-1 7 5  1 7 5+ Total 

-- -- -

I 23 * 0 478  510 * 1 ,  7 7 0  
( 3 )  ( 8 )  ( 3 )  ( 20 )  

II 29 135 321 803 631 1 , 1 23 3 , 043 
( 4 )  ( 6 ) ( 7 )  ( 1 2 )  ( 5 )  ( 4 )  ( 3 8 )  

1-' 
1.0 
N III  41 1 7 9  1 3 4  4 3 8  7 7 9  4 , 656 6 , 226  

( 7 )  ( 9 )  ( 3 )  ( 6 )  ( 6 )  ( 13 )  ( 44 ) 

IV 16  1 1 1  2 3 5  0 0 0 363 
( 3 )  ( 5 )  ( 5 )  ( 13 ) 

v 39 * 2 1 5  462 787 * 2 , 626 
( 4 )  ( 5 )  ( 6 )  ( 7 )  ( 33 ) 

Total 148  650 905 2 , 181 2 , 706 7 , 43 7  14 , 02 7  
( 2 1 ) ( 3 1 )  ( 20 )  ( 3 2 )  ( 2 1 )  ( 23 )  ( 148 ) 

*Data withheld to protect confidential ity . 



TABLE 101 

Sys tem Crude Charge Capacity ( MB/D ) and Numbers  of Refineries 
for Refiners Reporting Addi tional Facilities Needed 

to Increase Low Sulfur Fuel Oil Manufac tur ing Capability 
by 2 5  P ercent of Total 1982  Heavy Fuel Oil  Product ion 

Complexity Factor 
Refinery 
S ize (MB /D2_ Under 3 3-5 5-7 7-9 9-1 1 1 1+ Total 

-- -- -- -- -- --

0-10 124  * 0 0 * 0 148  
( 1 8 )  ( 2 1 )  

10-30 269 * 144 * 0 0 650 
( 1 4 )  ( 7 )  ( 3 1 ) 

I-' 30-50 * 1 80 403 * * 0 905 \.0 
w ( 4 )  ( 9 )  ( 2 0 )  

50-100 * * 9 7 1  667 * 215  2 , 181  
( 14 )  ( 1 0 )  ( 3 )  ( 3 2 ) 

100-175  0 * 418  1 , 082 607 * 2 , 706 
(3 ) ( 8 )  ( 5 )  ( 2 1 )  

175+ 0 0 2 , 939  3 , 582  * * 7 , 437  
( 8 )  ( 1 2 )  ( 2 3 ) 

Total 680 675  4 , 8 7 5  5 , 476  1 , 01 7  1 , 305 1 4 , 02 7  
( 3 8 )  ( 1 7 )  ( 4 1 ) (34 ) ( 10 )  ( 8 )  ( 14 8 )  

*Data withheld t o  protect confidentiality . 



TABLE 102 

System Crude Charge Capacity (MB/D ) and Numbers of Refineries 
for Ref iners Report ing Addit ional Fac ilities Needed 

to Increase Low Sul fur Fuel Oil Manufac turing Capability 
by 25 P ercent of Total 1982 Heavy Fuel Oil Product ion 

Complexity Factor 
Geographic 
Area (PAD ) Under 3 3-5 5-7 7-9 9-1 1 1 1+ Total 

I 164 0 1 , 059  * * 0 1 ,  7 7 0  
( 8 )  ( 7 )  ( 7 )  ( 2 0 )  

I I  64 199 905 1 , 669 * * 3 , 043 
( 5 )  ( 4 )  ( 1 5 )  ( 1 1 )  ( 3 8 )  

III 205 1 7 6  2 , 059 2 , 467 485  835 6 , 22 6  
( 1 3 )  ( 4 )  ( 8 )  ( 1 2 )  ( 3 ) ( 4 )  ( 44 )  

f-' \.0 
""' 

IV 79  * 162  * 0 0 363  
( 3 )  ( 6 )  ( 1 3 )  

v 168  * 6 90 816 358 * 2 , 62 6  
( 9 )  ( 5 )  ( 5 )  ( 4 )  ( 3 3 ) 

Total 680 6 7 5  4 , 8 7 5  5 , 476  1 , 017  1 , 305 1 4 , 02 7  
( 3 8 )  ( 1 7 )  ( 4 1 ) ( 3 4 )  ( 1 0 )  ( 8 )  ( 14 8 )  

*Data withheld to pro tect conf identiality . 



Ba sed upo n  the  r e spo nde n t s ' pr oj e cted 1 9 8 2  h e av y  f ue l  o i l  pro
duct ion of 1 , 5 0 0  M B/D , the " a s soc i a ted sys t ems " i nc r e a s e  in vol ume 
o f  the 0 . 7  percent s ul f ur content produc t wou l d  amou n t  to 3 7 5 M B/D . 
Pre v i ou s  c omme n t s  on q ua l i ta t i ve q ue s t i ons a l so apply to the 2 5  
percent increase  o n  l ow s ul f ur he avy f ue l  o i l ; i . e . , s ur vey r e s ul t s  
are not s ign i f ican t ly a f f e c t ed by the d a ta e x c l u s ion fo r c ompan i e s  
not repo r t ing proc e s s  d a ta . T h e  reduced re spo n s e  t o  th i s  part i c u
lar por t io n  of the s ur vey s h ould be noted : to t a l  1 9 8 2  h e avy f ue l  
o i l prod uc t io n , fo r al l r e sponde n t s  to P a r t  I o f  the  s urvey , 
amounted to 1 , 8 4 3  M B/D , o r  2 3  pe rcen t more than for re s po nd e n t s  to 
t h i s  s egme n t  o f  the s urvey . 

Ma ny d ome s t ic re f i ne r i e s  produc e l i t t l e  or no h eavy f ue l  o i l . 
There for e , a 2 5  pe r c e n t  i n c re a s e  in  he avy f ue l  o i l f r om t hos e 
re f i ner i e s  repr e s e n t s  l im i te d ad d i t i onal produc t i on . P a r t  I o f  
th i s  s t udy d emon s tra t ed t h e  r e l a t i ve ly sma l l  amoun t ( abou t 1 0  
perce n t ) o f  heavy f ue l  o i l  y i elded a s  a pe r c e n tage of f eeds tocks 
for al l u . s .  re s ponde n t s . 

The 2 5  pe rcent i n c r e a s e  in  l ow s ul f ur h e avy f ue l  o i l  pro d uc t ion 
appl i e s  so l e ly to o n s ho re re f i n e r i e s .  Th e se re f i ne ry s y s tem s cur
ren t ly s upply abou t 5 5  pe r c e n t  o f  U . S .  res i d u a l  r equ i r eme n t s . 
Thus , the increase i s  eq u iv a l e n t  to abou t a 1 5  p e r c e n t  g a i n  i n  
to tal s upply o r  about a 3 0  pe rcent r e d uc t ion i n  impor t s . 

E xh i b i t  3 i s  a s umma ry o f  the to tal ad d i t i onal f a c i l i t i e s  
r eq u i red to prod uc e a 2 5  percent i n c r e a s e  i n  l ow s ul f ur h e avy f u e l  
above the amount tha t i s  n ow an t ic i pated fo r 1 9 8 2 . 

Re f i ner i e s  wer e  a l so r eques ted to d e s ignate the  type o f  i n c r e
me ntal c rude o i l  wh ich they expected to proce s s  i n  ord e r  to y i e l d  
the greater vol ume o f  pro d uc t s . I t  i s  i n tere s t i ng to note t h a t  
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P roce s s  Type 

Crud e O i l  D i s t i l l a tion 
Va cuum Di s t i l l a t ion 
Re form i ng 
Hyd rotre a t i ng-Naph t h a  
Hyd rot r e a t ing-D i s t il l a t e 
Hyd rore f i n i ng 
Hyd roge n Ge n e r a t ion ( M MCF/D ) 
S u l f u r  Recove ry & Ta i l  Ga s 

( LT/D ) 
Tankag e ( Mbb l ) 

EXH IB I T  3 

Added 
Capac i ty 

MB/D 

7 6 9 
2 9 7 
l 0 8  

9 1  
2 7 3  
2 3 3  
2 1 0  

1 , 3 5 1 
1 0 , 1 3 2  

N umbe r o f  
Re f i ne r ie s  

7 5  
4 4  
3 5  
2 9  
5 4  
3 2  
3 9  

4 8  
6 5  

a pprox ima te ly 1 7 . 7  pe r c e n t  of the a s soc i a ted c r u d e  o i l  re f i n i ng 
capab i l i ty i nd i c a ted swe e t  c r ude o il as  the a s s umed i n c r emen t a l  
f eed , wh i l e  2 6 . 9  percent de s ig n ated l ig h t  h ig h  s ul f ur a n d  4 5 . 6  per
cent d e s igna t ed h e a vy h i gh s u l f ur .  

The sma l l e r  r e f i ne r i e s  ( t hos e unde r  1 0 0 M B/D ) appe a r  to be i n  
r e l a t i ve ly wo r s e  s h ape than larg e r  o.n e s  i n  tha t they wou l d  accoun t 
for ove r  h a l f  the n e ed ed d i s t i l l a t e  h yd rotre a t i ng c apac i ty ,  4 0  pe r
c en t  of the hyd ro re f i n ing capa c i ty , and 6 0  p e r c e n t  of the i nc re
me ntal  h yd rogen g e n e r a t i on and s u l f ur recove ry c apac i ty add i t io n s , 
a l though the i r  a s soc i a ted crud e o i l  re f i n ing c apa c i ty wa s only 2 8  
pe rce n t  o f  to t a l  re s pond e n t  capac i ty .  

The on ly obs e r va t ion r egard i ng var i a nc e s  by geog raph i c  a r e a  i s  
t ha t  PAD V i nd i ca ted a re l a t ive ly h ig h  need f o r  d i s t i l l a te hyd ro
tr e a t i ng . 
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Re spo nd e n t s  i n  the l owe s t  comp l e x i ty c a tegory i nd i c a te d  a some
what d i s propor t io n a t e l y  l a rge s h a re of req u i red ad d e d  f a c i l i t i e s . 

Wi th respe c t  to c ompa ny s i z e ,  i t  i s  e v id e n t  tha t the sma l l e r  
compa n i e s  have the l e a s t  ad eq uate f ac i l i t i e s  f o r  prod u c i ng mo r e  low 
s u l f ur h e a vy f ue l  o i l . 

Tab l e s  9 3 ,  9 5 ,  9 7 , and 9 9  pro v id e  some add i t i o n a l  i n s i g h t  i n to 
the grad e s  of  i nc reme n tal c rud e o i l  a s s umed and to p e r c ep t ions  o f  
pe rmi t l i ke l i hood , l e ad t ime s , and probab i l i t i e s  o f  impl eme n ta t io n . 

Re f i ne r i e s  above 1 7 5  M B/D in  c apac i ty appe a r  to e xpec t that 
more o f  the i r  i n creme n t a l  c rude o i l  wou l d  be o f  the  h e avy h i g h  s ul 
f ur g r ad e . 

About 7 5  percent o f  the re f iner i e s  re s pond i ng b e l i eved that  
perm i t s  could be o b t a i ned for  these  f a c i l i t i e s , b u t  r e f i n e r i e s  rep
resent i ng near ly 9 0  pe rcent of the add i t ional capac i ty cons i d e r ed 
that i t  wa s q u i t e  u n l i ke ly tha t the f ac i l i t i e s  wou l d  be bu i l t . 
Average l e ad t ime for permi t t i ng , appropr i a t ion , e ng i ne e r i ng , and 
const ruc t i on wa s e s t ima ted a t  39  months ; t h i s  l e ad t ime i n c r e a s e d  
with re f i ne ry a n d  c ompa ny s i ze rang e . 

I NVE STMENT COSTS OF ADD ITI ONAL FACI L IT I ES 

I nve s tm e n t  cos t c a l cu l a t ions for  all  o f  the r e f i n e ry e xp a ns ions 
cove r ed i n  Par t I I I  o f  th i s  s t udy w i l l  be mad e and r e po r t e d  in  the 
f i nal repo r t ;  t h e s e  e s t ima t e s  w i l l  be b a s ed on i n f o rma t ion pro v i d e d  
by a ma j or eng i ne e r i ng contractor f o r  e a ch proc e s s  un i t .  I nve s t
ment cal cu l a t ion w i l l  be b a s ed on cos ts a s  o f  J a n u a ry 1 ,  1 9 7 9  and 
will be a f un c t ion of un i t  s i ze and geograph ic l oc a t i o n  ( PAD d i s
t r i c t s ) .  The e s t ima te s w i l l be based on c e r ta i n  a s s ump t i ons for  
debo t tl e n e c k i ng e x i s t i ng f a c i l i t i e s  ve r s u s  bu i l d i ng n ew un i t s , as  
d e t a i led below . Tankage is  a s s ume d to  be  1 0 0  p e r ce n t  n ew f a c i l i 
t i es for a l l  c a s e s .  
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F o r  al l proc e s s e s  ex cept tankag e , o ve r a l l cos t s  wi l l  be 
d e te rm i n ed a s  fo l l ows . 

( 1 )  Vo l ume pe rcent add ed c apac i ty vs . 1 9 8 2  capac i ty ( for Par t 
I I I )  o r  1 9 7 9  c apac i ty ( fo r  Pa r t  I ,  1 9 8 2  vs . 1 9 7 9  i n cr e as e ) wi l l  be 
c a l c ul a ted . 

( 2 )  I f  vo l ume pe r c e n t  added c apac i ty i s  l e s s  t h a n  2 0  perce n t , 
added capac i ty wi l l  be a s s umed to be a l l debo t tl e neck i ng . I f  v o l
ume pe rcent add ed c apac i ty i s  greater than 6 0  perce n t ,  added capac
i ty wi l l  be a s s um e d  to be a new un i t .  Be tw e e n  2 0  and  6 0  p e rc e n t ,  
added capa c i ty c a t egor i zed as  a new un i t  or d e bo t tl e n e ck i ng w i l l  b e  
ba sed on the fo l low i ng eq ua t i ons : 

Pe rc e n tage New = 2 . 5 ( Pe rcentag e Added C a pa c i ty ) - 5 0  
Pe rcen t age Debo t tl en e ck i ng = 1 0 0  - Perc e n t ag e  New 

( 3 )  The un i t  s i ze w i l l  be a s s umed to be equal to the s i ze o f  
added c apac i ty inc reme n t  fo r a new un i t  and the pr e s e n t  s i z e  ( 1 9 8 2 
or 1 9 7 9 )  for debot tlene ck i ng . I f  the d e bo t tl e n e c k i ng i n c r eme n t  i s  
g reater than a n  a s s umed max imum reasonable s i z e  ( T abl e 1 0 3 ) , a d d e d  
capac i ty c o s t s  w i l l  be c a l c ul a ted b a s ed on e n t i r e ly n ew un i t  c os t s . 

( 4 )  The c o s t  of ad d ed capac i ty w i l l  be a c omb i n a t i o n  ( by the i r  
r e l a t ive f r a c t ions ) o f  new un i t  and debo t t l eneck i ng c os t s ,  wh e r e  
debo t tl e n e ck i ng cos t ( pe r  ba rrel  c apac i ty )  i s  a s s umed to be 7 0  per
cent o f  the cos t o f  a new un i t  of the o r ig i na l  s i z e . 

( 5 )  T h e  re sul t i ng u n i t  cos t wi l l  then be mul t ipl i e d  by 1 . 3 5 to 
re f l e c t  o f f s i te c o s t s  a nd a mul t i pl i e r  for e ac h  PAD d i s tr i c t  to re
f l e c t  d i f f e r e n c e s  i n  con s truc t i on cos ts amo ng geograph i c al are a s . 

E x ampl e  for Cos t C a l c u l a t ions 

For i n c r ea sed re form i ng to make 9 0  pe r c e n t  un l e aded ga sol i ne ,  
a re f i n e ry has ind i c a ted a need for 1 5 , 0 0 0  barre ls per d ay o f  
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TABL E 1 0 3 

Max imum S i z e  for Debo t t l eneck ing o f  P ro c e s s e s  

Proce s s  Techno logy 

De s ul f ur i za t ion 
Naph tha 
Di s t i l la te 
H e avy F u e l  O i l  

S u l f ur Plan t & Ta i l  G a s  C lea nup 
Va cuum D i s t i l l at ion 
Tankag e 
Re s id u a l  Conve r s ion 
Re fo rming 
I some r i z a t ion 
Hyd roge n Manu f a c t ur i ng 
Cata ly t i c  C r ack i ng 
Cok i n g  
Crud e  Atmo s ph e r i c  D i st i l l a t ion 
Vi sbre ak i ng 
Tr ea t i ng 
Alkyl a t i o n  
Hyd ro t re a t i ng 
Po lymer i za t ion 
Naph tha Spl i tter 
Hyd rore f i n i ng 

* Long tons per d ay . 
t Thou s and s tandard cub i c  f e e t  pe r d ay . 
§ S hor t tons per d ay .  
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2 5  
2 5  
1 5  
5 0 *  
4 0  

0 
1 0  
2 5  

5 
( l O ) t  

2 5  
( 1 0 ) §  

5 0  
1 0  
1 5  

5 
2 5  

2 
2 5  
1 5  



add i t i o n a l  re form i ng c apac i ty .  I n  P a r t  I ,  th i s  re f i ne ry ind i cated 
a 1 9 8 2  r e formi ng c apac i ty o f  3 0 , 0 0 0  barr e ls per d ay . 

( 1 )  Percent added c apac i ty AC = 1 0 0  x 1 5 , 0 0 0  = 5 0  
3 0 , 0 0 0 

( 2 )  P e r c e n t  new un i t = 2 . 5  ( AC )  5 0  
2 . 5  ( 5 0 )  5 0  = 7 5  

( 3 )  De te rmine c o s t  o f  n ew 1 5 , 0 0 0  b a r r e l  pe r d ay un i t  ( NU )  and 
c os t  o f  new 3 0 , 0 0 0 barrel p e r  day un i t  ( E U ) . 

( 4 )  C a l cu l a te ad ded c apa c i ty c os t s  

On- s i t e  cos t = 0 . 7 5  N U  + 0 . 2 5 E U  ( 1 5 , 0 0 0/ 3 0 , 0 0 0 )  x 0 . 7  
To tal cos t = On- s i te cos t x 1 . 3 5 

No te : I f  d e bo t tlene ck i ng i nc r emen t  [ 0 . 2 5 ( 1 5 , 0 0 0 )  = 3 , 7 5 0 ] h ad 
been g r e a te r  than max imum debot t l e n e ck i ng s i z e  ( 2 5 , 0 0 0 ) , a l l  of the 
add ed c apac i ty s hould h a ve been cos ted out b a s e d  o n  a n ew s i ng l e  
u n i t .  

Symbo l K ey 

AC = P e r c e n t  ad ded c apac i ty .  
NU = Cost  o f  e xpand ed c apac i ty i n  n ew un i t . 
EU = Cos t o f  new un i t  on wh ich debo t t l e n e ck i ng i s  based . 
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CHAPTER FOUR 

AGGREGATED ENERGY SUPPLY/DEMAND FORECASTS 

A s t a t i s t i c a l  proj e c t ion of  f u t ure pe tro l e um s uppl y a nd dema nd 
is  nece s s ary i n  ord e r  to a n a l y z e  f u ture re f i ne ry requ i reme n t s . I n  
ord e r  to prov ide s uch a pro j e c t ion , 3 2  i n s t i t u t ions we re s urveyed 
to obta in the i r  v iews on the outlook . Th i s  chapter s ummar i ze s  the 
re s u l t s  of  the s urvey . 

Re spon s e s  to the s urvey we re rece ived i n  the s pr i ng and s umme r 
of 1 9 7 9 . The i nd iv id ual for e c a s t s  wh i c h  prov id e the b a s i s for the 
aggr eg at ions we re a lmos t al l prepared i n  l a te 1 9 7 8  or v e ry e a r l y  
1 9 7 9 . Be cause  o f  th i s , t h e y  do n o t  r e f l e c t  the pol i t i c a l  a nd 
econom i c  even t s  wh ich h ave occ urred i n  1 9 7 9 .  B e c a u s e  the 1 9 8 0 - 1 9 9 0  
data are based o n  now outd ated forec a s t s  a nd the f a c t  t h a t  many 
respond e n t s  wo uld  mos t  l i ke l y  change the i r  fore c a s t s , the f i n a l  
report w i l l  con t a i n  d a ta wh ich update por t ions  o f  the s urvey . 

I n  ord e r  to prov ide a s uppl y/demand m a t r i x  wh i c h  repr e s e n ted 
bo th a con s e n s u s  of  the repl i e s  rece ived a nd an i n t e r n a l l y  cons i s
tent ba l ance , a n  " ad j us ted averag e "  response  was prepared . Th i s  
bal ance c l o s e l y  fol lows the a r i thme t i c  ave r ag e  o f  re s pons e s  re
ce i ved . Appe nd ix H prov i d e s  the compl e t e  d e ta i l s  of the ad j us ted 
average bal ance a nd a tab u l a t ion of the h ig h , l ow , a r i thme t i c ave r
age and s t and ard d e v i a t ion of each ma t r i x  c e l l . Te c h n i c a l  notes , 
d e s r ib i ng the ad j u s tmen t  proced ure s ,  are al so i nc l ud e d  i n  Appe nd ix 
H .  Al l d a ta in th i s  chapter are f rom the " ad j u s ted averag e "  bal
ance s unl e s s  otherwi s e  noted . 

WORLD OI L SUPPLY/DEMAND 

Be c a u s e  o f  the i n terd epend ence of the Un i ted S t a t e s  and the 
re s t  of  the wor l d  r e g a rd i ng pe tro l e um s uppl i e s , the N a t i o n a l  
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Pe tro l e um Co unc i l  thoug h t  i t  nece s s ary to o b ta i n , i n  add i t io n  to 
fore c a s ts o f  Un i ted S t a t e s  pe trole um supply/d emand , pro j e c t ion s o f  
g lobal pe tro l e um s upply/demand bal ance s . Some o f  t h e  non-u . s .  
i ns t i t u t ions i nc l ud ed i n  the 3 2  i n s t i t u t ions s u rv e yed by the Co u n
c i l we r e  s e l e c ted s pe c i f i c a l ly for the i r  exper t i s e  on i n t e r n a t ional 
pe tro l e um matte r s . 

Ide a l ly , one should h av e  a f a i r l y  compr e h en s ive r a t i o n a l e  for 
e ac h  s ubm i tted pro j e c t ion , i nc l ud ing fore c a s t s  of g lobal e conom i c  
g rowth , d ev e l o pme n t  o f  no n- o i l  ene rgy source s , t r e nd s  i n  pe t ro l e um 
pr i c e s  and the i r  e f fe c ts on e conom i c  g rowt h  and non- o i l  e n e rgy s up
pl i e s , a nd any pol i t ic a l  r am i f i c a t ion s , bo th n a t i o n a l  a nd i n te r
n a t iona l . I n  d e s ig n i ng the s urvey , howev e r , i t  w a s  thoug h t  beyond 
the s cope o f  th i s  s t udy to ask re s pond e n t s  to s upply the i r  a s s e s s
men t  of s uc h  und e r l y i ng v a r i ab l e s . Co nseque n t l y , u s e r s  of the 
fore c a s t  g lobal pe trol e um s uppl y/d emand b a l a nc e s  are  a s ked to make 
t he i r  own j ud gmen t s  abo u t  f u ture e ne rgy pr i ce s , e conom i c  a c t iv i ty ,  
al ternate f ue l s  d ev e l o pme n t , and i n ternat ional pol i t i c a l  r e l a t ions . 

Al thoug h  the forec a s t s  convey a r e a sonable b a l ance i n  f u t ur e  
p e t ro l e um s upply a nd d emand , t h i s  i s  s omewh a t  o f  a n  a r i thme t i c  
i l l u s ion . W i th OPEC prod uc t ion for e c a s t  t o  r e ac h  3 5  t o  3 7  MM B/D by 
the mid- e ig h t i e s , u s a b l e  e x c e s s  prod u c t i v e  c apa c i ty w i l l  mos t  l ike
ly be smal l .  The s uppl y/d emand bal ance w i l l  r ema i n  uncom f o r t a b l y  
t ig h t . Any s ig n i f i c a n t  s uppl y d i s r up t ion , d ue to t e c h n i c a l  
probl ems o r  pol i t i c a l  even t s , w i l l  b e  d i f f i c ul t  o r  impo s s i b l e  to 
compen s a t e . 

P e tro l e um C o n s umpt i on 

Worl d  pe tro l e um con s umpt ion is proj e c ted to i nc r e a s e  f r om 6 1  
MMB/D i n  1 9 7 7  t o  8 2  MM B/D i n  1 9 9 0 ,  a s  s hown i n  F ig ur e  1 4  and Tab l e  
1 0 4 . Wh i l e  i nc r e a s i ng i n  absol ute terms , t h e  r a te o f  g rowth o f  
petro l e um con s umpt ion i s  e xpec ted to d e c l i n e  s ig n i f i c a n t l y  ove r  
t he nex t 1 0  y e ar s . Con s umpt ion g rowth i s  expec ted to av e r a g e  2 . 3 

2 0 2  
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Figure 1 4. World Petroleum Consumption. 

TABLE 1 0 4 

Wor l d  P e trol e um C o n s umpt io n  
( MMB/D ) 

A c tu a l  S urvey 

1 9 7 2  1 9 7 7  1 9 8 0  1 9 8 2  

OECD 3 7 . 5  4 0 .  5 4 2 .  6 4 4 .  0 

u . s .  1 6 . 4  1 8 . 4  1 9 . 6  2 0 . 1  
We s t  Europe 1 4 . 1  1 4 . 2  1 4 . 7  1 5 . 2  
Othe r 7 . 0  7 . 9  8 . 3  8 . 7  

No n-OECD 7 . 3  9 . 3  l 0 .  9 1 1 . 6  

Sub to t a l  4 4 .  8 4 9 .  8 5 3 . 5  5 5 . 6  

S in o-Sov i e t  8 . 0  1 1 . 6  1 3 . 7  1 4 . 6  

TOTAL 5 2 . 8  6 1 . 4  6 7 .  2 7 0 .  2 

2 0 3  

92.2 

1 990 

Average 

1 9 8 5  1 9 9 0  

4 6 . l  4 8 . l  

2 0 .  5 2 1 . 2  
1 6 . 0  1 6 . 8  

9 . 6  1 0 . 1 

1 3 . 3  1 5 .  9 

5 9 . 4  6 4 . 0  

1 6  . l  1 8 . 2  
7 5 .  5 8 2 . 2  



p e r c e n t  per a n n um b e twe en 1 9 7 7  and 1 9 9 0 , a s  compared w i th the 7 . 6  
perce n t  r a te o b s e rv e d  betwe e n  1 9 6 0  and 1 9 7 2  ( Ta b l e  1 0 5 ) .  Howev e r , 
f u t ur e  g rowth r a t e s  e x h i b i t  cons id erabl e  reg i o n a l  v ar i ab i l i ty . Th e 
countr i e s  b e l ong i ng to the Org an i za t ion for Econom i c  Co-ope r a t ion 
and De v e l opme n t  ( OEC D )  are tho ug h t  to  be able  to reduce t h e  av erage 
annual g rowth i n  o i l  con s umpt ion to only 1 . 3  pe r c e n t  ove r  the  f or e
c a s t  pe r iod . I t  i s  b e l ieved that th i s  red uc t ion i s  d ue to a com
b i nat ion o f  l owe r e conom i c  growth , h igher e n e rg y  pr i ce s , g ov e r n
men t mand ated cons e r v a t ion me a s ure s ,  a nd g re a t e r  av a i l ab i l i ty o f  
no n-o i l  e n e rgy s uppl i e s . 

The so c a l l ed " Deve l op i ng Countr ie s , "  t h a t  i s , c o un t r i e s  ou t
s id e  the OEC D ,  Ea s tern E u rope , USS R ,  a nd Ch i n a , a re e xp e c ted to 
ma i n ta i n  r e l a t i v e l y  h ig h  growth r a t e s  i n  pe t ro l e um cons umpt ion . 
Th i s  appe a r s  reasonable on two accoun t s : b e c a u s e  the i r  c apac i ty 
for e conom i c  growth i s  s ig n i f icantly h ig h e r  than  t h a t  o f  the OEC D ,  
the i r  re l a t iv e  e nergy c on s umpt ion g rowth w i l l  a l so b e  g re a te r ;  a nd 
t hose countr i e s  s e l f- s u f f ic i e n t  i n  pe tro l e um ( e . g . , O PE C , Mex i c o ) 
w i l l  h av e pr ior i ty a c c e s s  to l ow c o s t  pe tro l e um .  

Ac cord i ng to the s urvey r e s ul ts , the S i no- Sov i e t  countr i e s  
( US S R ,  Eas tern E urope , and Ch in a )  w i l l  a l so ma i n t a i n  r e l a t iv e l y  

TAB LE 1 0 5  

G rowth i n  World Pe tro l e um C o n s ump t ion 
( An n u a l  Percen t - Aver ag e o f  Al l Re s pon se s )  

1 9 6 0 / 1 9 7 2/ 1 9 7 7 / 1 9 8 0 / 1 9 8 5 / 1 9 7 7/ 
1 9 7 2  1 9 7 7  1 9 8 0  1 9 8 5  1 9 9 0  1 9 9 0  

OECD 7 . 5  1 . 6  1 . 7  1 . 6  0 . 9  1 . 4  

u . s .  4 . 4  2 . 3  2 . 1  0 . 9  0 . 7  1 . 1 
We s t  E urope 1 1 . 3  0 . 1  1 . 2  1 . 7  1 . 0  1 . 3  
Ot her 1 1 . 6 2 . 4  1 . 7  3 . 0  1 . 0  1 . 9  

Non-OECD 7 . 5  5 . 0  5 . 4  4 . 1  3 . 6  4 . 2 

S INO-So v i e t  7 . 8  7 . 7  5 . 7  3 . 3  2 . 2  3 . 5  

TOTAL 7 . 6 3 . 1  3 . 1  2 . 4  1 . 7  2 . 3  

2 0 4  



h ig h  rates o f  g rowth i n  petrol e um con s ump t ion . B a s e d  on the av er
ag e o f  r e s ponse s ,  i t  i s  e x pe c ted that th i s  g roup o f  coun t r i e s  w i l l 
rema in s e l f- s uf f i c i e n t  i n  pe tro l e um . Howe v e r , the  v ar i an c e s  i n  the 
data i nd i c a te the f r ag i l i t y  of t h i s  b a l a n c e . 

Und e r s tand ab ly , b e c a u s e  o f  d i f f e r e n t  a s se s smen t s  o f  e conom ic 
g rowth , e ne rgy pr i c e s , petro l e um av a i l ab i l i ty ,  e tc . , t h e r e  i s  
con s iderable var i ab i l i t y  i n  the 2 0  re s ponse s r e c e ived o n  f u t ure 
g lobal pe tro l e um s upply/demand balance s .  As s hown in  Ta b l e  1 0 6 , 

the v ar i ab i l i ty i ncrea s e s  ove r  t ime . The r a ng e  o f  r e s pon s e s  and 
the ir coe f f i c i e n t s  o f  v a r i a t ion are almost three t im e s  g re a ter in 

TABLE 1 06 

Range and Coef ficient of Variation in Forecas t  
World Pe troleum Consumpt ion* 

1 980 1 985 1 990 

Range t Range t Range t 

u . s .  1 7 . 2-20 .0  3 . 8% 1 7 . 3-2 1 . 8 5 . 1% 1 7 . 1-2 3 . 0  7 . 3% 
Wes t  Europe 1 4 . 0-1 5 . 5 2 . 8% 1 4 . 2-1 7 . 6 5 . 1% 1 4 . 3- 1 9 . 7  8 . 4% 
Japan 5 . 1- 6 . 3  5 . 4% 5 . 6- 8 . 6  10 .0% 5 . 5- 9 . 4  1 3 . 6%  
Other OECD 2 . 5- 5 . 1  2 2 . 2% 2 . 7- 6 . 9 3 1 . 0% 2 . 4- 8 . 4  39 . 5% 
Non-OECD 9 . 5-1 3 . 0  8 . 9 %  1 0 . 3- 1 6 . 3  1 1 . 8 %  1 1 .4-19 . 8  1 5 . 2% 

Sub total 5 1 .0-5 6 . 5  2 . 7%  55 . 2-64 . 6  4 . 6% 5 5 . 7-7 2 . 1  7 . 0% 

USSR 8 . 8- 9 . 5  2 . 4% 9 . 6-1 1 . 7 6 . 3% 1 0 . 1- 1 3 . 8  1 0 . 3% 
Eas t Europe 2 . 1- 2 . 8 8 . 4% 2 . 4- 3 . 4  1 0 . 7 % 2 . 6- 3 . 9  1 4 . 3% 
China 1 . 7 - 2 . 3  9 . 1% 2 . 2- 3 . 8 1 5 . 8% 2 . 8- 5 . 3 22 . 2% 

Subtotal 1 2 . 7 -1 4 . 5  3 .0% 1 4 . 3-1 8 . 1 6 . 5 %  1 5 . 5-2 1 . 2 9 . 7 %  

TOTAL 6 4 . 4-70 . 3  2 . 3% 69 . 9-7 9 . 9 4 . 3% 7 4 . 9-89 . 1  6 . 1% 

*Components do not add to totals since some respondents did not pr ovide 
forecasts  for component s .  

t Coefficient of variation ( s tandard deviat ion as a percent of the mean) . 

2 0 5  



1 9 9 0  t ha n  i n  1 9 8 0 . Howe v e r , both the rang e and the  s tand ard d e v i a
t ion appe a r  too l arge for 1 9 8 0 .  Al tho ug h  the r e a sons  for  t h i s 
d iv e rg ence a r e  no t known , the  maj or cause  i s  probab l y  the  s ubm i s
s ion by s ome o f  the r e s pond e n t s  o f  fore c a s t s  prepared pr ior to 
1 9 7 9 ,  wh i c h  d o  no t t ake i n to account recent  d ev e l opm e n t s  in p e tro
l e um pr i ce s , chang ed macr o-econom ic o u t l ook , and r e d uced av a i l� 
a b i l i ty o f  p e t ro l e um s uppl i e s  because o f  the I r an i an po l i t i c a l  
problems . 

Wor l d  P e tro l e um S upp ly 

The g e o-po l i t ic a l  d i s tr ibut ion o f  f ut ur e  g lobal pe tro l e um pr o
d uc t ion ( c r ud e o i l  and natural g as l iqu id s )  i s  s hown in F i g ur e  1 5  
and s ummar i z ed i n  Tabl e 1 0 7 .  
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Figure 1 5. World Petroleum Supply. 
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TABL E l 0 7  

Wor ld P e tro l e um P rod u c t ion 
( MM B/D ) 

Ac t u a l  S urvey Average 

1 9 7 2  1 9 7 7  1 9 8 0  1 9 8 2  1 9 8 5  1 9 9 0  

OECD 1 4 . 2  1 3 . 9  1 5 . 9  1 6 . 6  1 6 . 9  1 7 . 4  

u . s .  * 1 1 . 6  1 0 . 3  1 0 . 7  1 0 . 5  1 0 . 3  1 0 . 3 
Ca nada 1 . 8  1 . 6  1 . 7  1 . 7  1 . 8  1 . 8  
We s t  E urope 0 . 4  1 . 5  3 . 0  3 . 8  4 . 2  4 . 6  
Othe r 0 . 4  0 . 5  0 . 5  0 . 6  0 . 6  0 . 7  

OPE C  2 7 . 4  3 1 . 9  3 1 . 1  3 3 . 1  3 5 . 1 3 6 .  7 

Ve nez ue l a  3 . 3 2 . 3  2 . 3  2 . 3  2 . 3  2 . 3  
I ndone s i a  l . l  1 . 7  1 . 7  1 . 7  1 . 7  1 . 6  
A l ge r i a  l . l  1 . 2  1 . 2  1 . 4  1 . 3  1 . 3  
L i bya 2 . 2  2 . 1  2 . 2  2 . 3  2 . 3  2 . 2  
N ig e r ia 1 . 8  2 . 1  2 . 3  2 . 3  2 . 3 2 . 2  
I ran 5 . 0  5 . 7  4 . 1  4 . 3  4 . 6  4 . 6  
K uwa i t  3 . 1  1 . 9 2 . 0  2 . 1  2 . 2 2 . 3  
S a ud i  Arab i a  5 . 8  9 . 2  8 . 8  9 . 6  1 0 . 5  1 1 . 7  
I raq 1 . 5  2 . 5  3 . 1  3 . 5  4 . 0  4 . 4  
UAE 1 . 2  2 . 0  1 . 9  2 . 1 2 . 4  2 . 6  
Other 1 . 3  1 . 2  1 . 5  1 . 5  1 . 5  1 . 5  

Non-OP E C  3 . 4 4 . 3  5 . 9  7 . 0  8 . 0  9 . 7  

Me x i co 0 . 6  l . l  2 . 1  2 . 6  3 . 1  4 . 2  
Othe r 2 . 8  3 . 2  3 . 8  4 . 4  4 . 9 5 . 5  

S ub to t a l  4 5 . 0  5 0  . l  5 2 . 9  5 6 . 7  6 0 . 0  6 3 . 8  

S i no-Sovie t 9 . 0  1 3 . 1  1 4 . 8  1 5 . 6  1 6 . 6  1 8 . 5  

TOTAL 5 4 . 0  6 3 . 2  6 7 .  7 7 2 . 3 7 6 . 6  8 2 . 3 

* I nc l ude s 0 . 5  MM B/D Proce s s i ng Ga i n .  

2 0 7  



Th e r e a sonab l e n e s s  o f  the proj ec ted pe tro l e um s uppl i e s  f rom a 
tec h n i c a l  po i n t  o f  v i ew w i l l  be d i s c u s sed f i r s t . ( Note ; The S in o
Sov i e t  g roup o f  countr i e s  wi l l  be rev i ewe d separ a te l y ) . I n  t h e  ag
g reg a t e , the prod u c t ion pro f i l e  impl i e s  c umul a t ive c r ud e  o i l  pr o
d uc t ion o f  2 5 5  b i l l ion barre l s  b e twe en 1 9 7 9  a nd 1 9 9 0 , o r  a d rawd own 
o f  c urre n t  prove d  c r ud e  o i l re s e rve s by abo u t  5 0  pe r c e n t . Howev e r , 
i f  the rate o f  r e c e n t  r e serve add i t ions ( av e r ag i ng 1 4  b i l l ion bar
re l s  a ye a r  d u r i ng the 1 9 7 2 - 1 9 7 8 pe r io d ) c a n  b e  ma i n t a i ne d , t h i s  
d rawd own i n  c r ud e  o i l  r e s e rv e s  by 1 9 9 0  w o u l d  b e  l e s s  than 2 0  
percen t . 

Al t ho ug h  the p i c t ure looks com for table  i n  the  aggreg a t e , po te n
t i a l  troub l e  s po t s  beg i n  to appe ar whe n  l ooked a t  on a reg ional 
bas i s . Tabl e 1 0 8  l i s t s , by r eg ion , c umul a t ive c r ud e  o i l p rod u c t ion 

TAB LE 1 0 8  

Requ i re d  Annual  Re s e rve Add i t ions 1 9 7 9- 1 9 9 0  
( B i l l ion Barre l s  pe r Ye a r ) 

P r ov ed Re serves 
a s  o f  1/1/7 9 *  

C umul a t iv e  
Prod uc t i on 

Un i te d  
S ta t e s  

2 7 . 8  

1 9 7 9  to 1 9 9 0  3 7  

Perce n t  o f  Current 
Re se rv e s  Prod uc ed 
by 1 9 9 0  1 3 2  

Requ ired  Ann ual  
Re serve Ad d i t ions 2 . 7  

Av erag e An nual 
Re s e rv e  Add i t ion s 
( 1 9 7 2 - 1 9 7 8 ) t  1 . 7  

Othe r  Other M i dd l e  
OECD Me x i co L . A .  A f r i ca E a s t  A s i a  

2 4 . 7  2 8 .  4 2 6 .  3 

2 7  1 3  1 8  

1 1 0  4 6  7 0  

2 . 4  1 . 3 1 . 6  

2 . 1  3 . 9  1 . 2  

5 6 . 3  

3 3  

5 8  

1 . 3  

2 . 6  

3 1 1 . 3  1 3 . 6  

1 1 5  1 3  

3 7  9 3  

5 . 8  1 . 1  

1 . 8 0 . 6  

*Wor l d  O i l , Aug u s t  1 5 ,  1 9 7 9 .  A t ab u l a t ion d e t a i l i ng re s e rv e s 
by country i s  appe n d ed . 

t Ba s ed on Wor l d  O i l re s e rve e s t ima te s .  

2 0 8  



for 1 9 7 9- 1 9 9 0 , percent  o f  c urrent crud e  o i l  r e s e rv e s  prod uced d ur
i ng the forecas t pe r iod , annual c r ud e  o i l  re s e rv e  add i t ions r e
q u i red for e i th e r  t e c hn i c a l  r e a sons or to ke e p  the r e s e rv e  d rawdown 
to pol i t i c a l l y  acceptable l ev e l s , and c r ud e  o i l  re s e rv e  add i t ion s 
d ur ing 1 9 7 2  t o  1 9 7 8 . 

Fo r Me x i co , the  M i d d l e  Ea s t , a nd po s s i b ly A f r i c a  i t  wo u l d  
appe ar t o  b e  rea son ab l y  c e r t a i n  t h a t  the phys i c a l  prod uc i ng 
c apab i l i ty e i th e r  a l r e ady e x i s t s  or c an be i n s t a l l ed to produce a t  
the fore c a s t  rate s . For the other reg ion s , s ig n i f i c a n t  improv e
ments in the rate o f  new re serve add i t ions w i l l  be requ i red i f  the 
forecas t prod uc t ion is to mater i a l i ze .  The Un i ted S t a t e s  is  in the  
most pre c a r io u s  po s i t ion . Un l e s s  the rate of  new r e s e r v e  add i t ions 
improve s s ub s t an t i a l ly , the  fore c a s t  prod uc t ion r a te s c a nnot be 
real i zed . As to the other OECD countr i e s , t h e  requ i red f u t ur e  new 
re s e rve add i t ion s may be d i f f i c ul t  to ac h i ev e . For e x ampl e , i n  the  
No rth Se a ( the source of  mos t  o f  the p a s t  d i scov e r i e s )  a s ig n i f i
cant decl ine i n  new f i e l d  d i scove r i e s  h a s  r e c e n t l y  bee n 
e xper i e nced . 

Th e produc t ion fore c a s t s  for the M i d d l e  E a s t  a nd Me x i co are not 
wi tho u t  r i s k  e i th e r . Fut ure prod uc i ng rate s o f  t h e s e  countr i e s , 
wh i l e  not re s t r i c ted by phys i c a l  resource l im i ts , w i l l  be l arg e ly 
governed by i n ternal  econom ic and pol i t i c a l  con s id e r a t ion s . Al
thoug h there w i l l  be i n te r n a t ional po l i t i c a l  pre s s ur e  to r a i s e  
prod uc t ion c l o s e  to what i s  techn i c a l l y  s us ta i n abl e , t h e  g o a l  o f  
a lmost every one o f  the s e  coun t r i e s  i s  t o  l im i t  p e t ro l e um e xpo rts  
to l eve l s  compa t ib l e  w i th dome s t i c rev e n ue n e ed s . Th u s  the  d e s ire  
o f  some of  the maj or e x porters to  red uce prod uc t ion con f l i c ts w i th 
the fore c a s t  prod uc t ion r a t e s  wh i c h  are i nv ar i ab l y  i nc r e a s i ng ove r  
t ime . 

Th e S i no-S o v i e t  reg ion ' s  pe trol e um s upply a nd d emand b a l an c e s  
( Table 1 0 9 ) proj e c t  a con t i n ua t ion o f  ne t e x por t s  from the s e  coun
t r i e s , a l be i t  a t  d e c re a s i ng rates . Ta b l e  1 0 9 s hows prod uc t ion i n  

2 0 9  



TABLE 1 0 9  

S i no-S ov i e t  P e tro l e um S up21y and Demand 
( MM B/D - Average o f  Al l Re s pond e nt s )  

1 9 7 7  1 9 8 0  1 9 8 2  1 9 8 5  1 9 9 0  

USSR 
Pr od u c t ion 1 0 . 9  1 2 . 0  1 2 . 4  1 2 . 7  1 3 . 6  
Demand 8 . 0 9 . 2 9 . 5 1 0 . 2  1 1 . 2  

E x ports  � 2:8 2":9 2:5 2-:4 
C H INA 

Prod uc t ion 1 . 8  2 . 4  2 . 8  3 . 5  4 . 5 
Demand 1 . 5 2 . 1 2 . 5 3 . 0 3 . 8 

Exports  0 . 3  0 . 3  0 . 3  0 . 5  0 . 7 

EAST E UROPE 
Prod u c t ion 0 . 4  0 . 4  0 . 4  0 . 4  0 . 4  
Demand 2 . 1 2 . 4 2 . 6 2 . 9 3 . 2 

Imports  ( 1 .  7 ) ( 2 .  0 )  ( 2 .  2 )  ( 2 .  5 )  ( 2 .  8 )  

N ET EXPORTS 1 . 5  1 . 1  1 . 0 0 . 5  0 . 3  

the Sov i e t  Un ion i ncrea s i ng s te ad i ly thro ugho u t  the fore c a s t  
per iod . Howeve r , t h i s  f u t ur e  rate o f  U S S R  pe t ro l e um prod u c t ion h a s  
b e e n  con tes ted b y  some We s tern e x pe r t s  on the Rus s i an o i l  a n d  g a s  
i nd u s t ry . Fo r e x ampl e ,  the C IA h as re ached t h e  conc l u s i o n  t h a t  
USSR pe trole um prod uc t ion w i l l  peak i n  t h e  e a r l y  e ig h t ie s .  Accord
i ng to the i r  l a te s t  e s t imate s , the USSR a nd E a s te r n  E urope w i l l  
be come a n e t  importer o f  0 . 7  MM B/D by 1 9 8 2 i n s te ad o f  a n e t  e x por t
er of 0 . 7  MMB/D . 

The v ar i ab i l i ty i n  fore c a s t s  rece ived on f u t ure g l obal  pe tro
le um s uppl i e s  i s  s umma r i zed i n  Table 1 1 0 .  By n e ce s s i ty , the  v ar i
a b i l i ty of total s uppl y  c lo s e l y  matches  that observed in fore c a s t  
to tal cons umpt ion . Var i ab i l i ty in  compone n t s , o n  t h e  o ther hand , 
a l tho ug h to some e x te n t  a f f e c ted by overa l l  var i ab i l i ty ,  i s  thoug h t  
to re f l e c t  d i f ferent a s se s smen t s  o f  f ut ure d i scov e ry r a t e s  and 
pol i t i c a l  d e c i s ions reg ard i ng produc t ion a l lowabl e s . 

2 10 



TABLE 1 10 

Range and Coef ficient of Variation in Foreca s t  
World Petroleum Supplies* 

1 980 1 985 1 990 

Range t Range t Range t 
OE CD 1 4 . 5 -1 7 . 9 4 . 7%  1 5 . 1-1 8 . 9  5 . 8% 1 6 . 0-19 . 9  6 . 8% 

u . s .  1 0 . 2-1 2 . 0 4 . 1% 9 . 3-1 1 . 8 7 . 2% 8 . 1-1 2 . 8  1 1 . 3% 
Canada 1 . 5- 1 . 9 6 . 8% 1 .5- 2 . 1  1 0 . 1% 1 . 6- 2 . 3 1 2 . 3% 
Wes t  Europe 2 . 6- 3 . 7  9 . 1 % 3 . 5- 5 . 1  9 . 8% 3 . 8- 5 . 7  1 1 . 0% 
Other 0 . 4- 0 . 8  1 7 . 6% 0 . 4- 1 . 0 29 . 0% 0 . 4- 1 . 5 43 .0% 

OPE C 29 . 8 -35 . o  4 .5% 3 1 . 6-4 1 . 2 8 . 3% 3 1 . 3-4 4 . 2  1 0 . 8% 

Venezuela 2 . 1- 2 .5 4 . 5% 1 . 9- 2 . 6  6 . 1% 1 . 8- 2 . 5 9 . 2% 
Indonesia 1 . 5- 1 . 9 6 . 7%  1 . 4- 2 . 3  1 3 . 6% 0 . 9- 2 . 2  2 0 . 1 %  
Algeria 1 . 1- 1 . 5 9 . 8% 0 .9- 2 . 1  25 . 8 %  0 . 7- 2 . 3  29 . 5% 
Libya 2 . 0- 2 . 6  6 . 7%  2 . 0- 2 . 6  8 . 4% 1 . 5- 2 . 7  1 4 . 5% 
Nigeria 2 . 0- 2 . 8 9 . 1% 1 . 6- 2 . 6  10 .4% 1 . 4- 2 . 9 1 4 . 6% 
Iran 3 . 0- 6 . 0 2 0 . 1%  3 . 6- 6 . 8  1 9 . 0% 3 . 7- 6 . 0  1 5 . 6% 
Kuwait  1 . 7- 2 . 2  7 . 4% 1 . 8- 2 . 9  1 1 . 3% 2 . 0- 2 . 9 1 1 . 9 %  
Saudi Arabia 6 . 3- 9 . 4  8 . 4% 7 . 6-1 4 . 3  1 5 . 8% 7 . 8-1 5 . 5 1 9 . 3% 
Iraq 2 . 5- 3 . 4  8 . 7 % 3 . 2- 4 . 7  1 0 . 8% 3 .5- 5 . 1  1 1 . 7 %  
UAE 1 . 8- 2 . 1  6 . 2% 1 . 9- 3 .  2 1 3 . 7 %  1 . 8- 3 .  7 1 9 . 4% 
Other 1 . 2- 1 . 8 N/A 1 . 1- 2 . 3 N/A 0 . 8- 2 . 2  N/A 

NON-OPE C 5 . 2- 6 . 8  6 . 5% 6 . 6- 9 . 9  1 0 . 4% 7 . 6-1 2 . 4 1 2 . 7 %  

Mexico 1 . 8- 2 . 4  9 . 5% 2 .5 - 4 . 2  1 4 . 5%  3 . 5- 6 . 4 1 7 . 4% 
Other 3 . 1- 4 . 6 N/A 3 . 2- 6 . 3  N/A 3 . 1- 8 . 4  N/A 

SINO-SOVIET 1 4 . 2-1 5 . 3 1 . 9%  1 4 . 6 -1 8 . 2  6 . 1% 1 5 . 0-22 . 0  9 . 8% 

TOTAL 64 .5-7 0 . 6  2 . 7% 7 1 . 4-83 .5  5 . 1% 7 4 . 8-90 . 7  6 . 2% 

*Component s  do not add to totals since some res pondent s  d id not pr ovide 
forecasts  of component s .  

tCoefficient o f  variation ( s tandard deviation a s  a percent o f  the mean) . 
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U . S .  ENERGY CONSUMPT I ON 

F i g ure 1 6  a nd Table 1 1 1  pre s e n t  the ad j u s ted averag e re spo n s e  
to the u.s. Ene rgy Con s umpt ion For e c a s t  s e c t ion o f  the que s t ion
n a i re . Re al GNP a s s umpt i ons und er l y i ng the energy fore c a s t are 
a l so s hown . The forec a s t  proj e c t s  to t a l  U . S .  ene rgy cons ump t ion to 
i ncrease  2 . 3  p e r c e n t  per ye ar ove r  the 1 9 7 7 - 1 9 9 0  p e r i od ( f rom 7 6 . 3 
to 1 0 2 . 1 quad r i l l ion BTU ' s ) , wh i l e  real  GN P g rows a n  ave r ag e  o f  3 . 2  
percent per ye ar . On e s tand ard d ev i a t ion from the averag e fore c a s t  
o f  to tal e n e rg y  cons umpt ion i s  �3 . 2  perce n t  i n  1 9 9 0 . 

Al so s hown i n  F i g ure 1 6  i s  the r a t i o  o f  to tal e n e rgy to GN P .  
Th i s  d e c l ined from 6 1 . 2 thous and BTU ' s  per do l l ar o f  GNP ( i n con
s tant 1 9 7 2  do l l ar s )  i n  1 9 7 2 to 5 7 . 3  tho u s and BTU ' s  i n  1 9 7 7 .  Th e 
d e c l ine con t i n ue s thro ug ho u t  the fore c a s t  pe r iod and by 1 9 9 0  i s  
5 0 . 6  t ho u s and BTU ' s  pe r dol l ar o f  GN P .  

The ad j u s ted ave r ag e  u.s. pr imary e n e rg y  con s umpt ion fore c as t 
b y  s e c tor , a s  pr e s ented i n  F i g ure 1 7 ,  s hows e ne rg y  c on s um p t i o n  
g rowth i n  t h e  trans portat ion sec tor slowing d r ama t i c a l l y  d ur i ng th e 

TAB LE 1 1 1  

U . S .  E ne rgy C o n s ump t ion and G ros s N a t ional P rod uc t  For e c a s t s  

1 9 7 7  
1 9 8 0  
1 9 8 2  
1 9 8 5  
1 9 9 0  

1 9 7 7 - 8 0  
1 9 8 0 - 8 2  
1 98 2 - 8 5  
1 9 8 5 - 9 0  
1 9 7 7- 9 0  

To t a l  Energy 
( Q u ad r i l l ion BTU ' s )  

7 6 . 3 2 
8 2 . 2 3 
8 6 . 5 2 
9 2 . 0 1 

1 0 2 . 0 9  

� p  
( B i l l ion 1 9 7 2  Dol l a r s ) 

1 , 3 3 3 
1 , 4 6 1  
1 , 5 6 2  
1 , 7 4 2  
2 , 0 1 8 

Annual Average Percent Change 

2 . 5 
2 . 6  
2 . 1 
2 . 1  
2 . 3  

2 1 2 

3 . 1  
3 . 4  
3 . 7  
3 . 0  
3 . 2  
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Figure 1 6. U.S. GNP and Energy Consumption Forecasts. 
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f or e c a s t  per iod , wh i l e  convers ion l o s s e s  ( pr imar i l y  e l e c t r i c  u t i l
i ty los se s )  con t i n ue to g row s ub s tant i al ly f a s te r  t h a n  to t a l  
e ne rg y . 

Th e u . s . e ne rg y  c o n s umpt ion fore c a s t  i s  s hown by f ue l  i n  F i g ur e  
1 8 .  T h e  o i l  a nd g a s  comb i ned s hare o f  to t a l  con s umpt ion i s  fore
c a s t  to d e c l ine f rom 7 4 . 6  percent i n  1 97 7  to j us t  und e r  6 2  p e r c e n t  
i n  1 9 9 0 ,  wh i l e  coal a nd n uc l ea r ' s  comb i ned s h are i nc re a s e  f rom 2 2  
perc e n t  i n  1 9 7 7  to a lmos t  3 4  percent i n  1 9 9 0 . S e v e n ty- s i x  ( 7 6 )  
pe rce n t  o f  the pro j ec ted i ncrease i n  coal i s  i n  the e l e c tr ic u t i l
i ty s e c tor . As a pe r c e n t  o f  total e nergy , h yd ro a nd " o the r "  energy 
source s ( i nc l ud i ng geotherma l , sol ar , e tc . ) i nc re a s e  only f rom 
abo u t  three to four pe r c e n t  in 1 9 7 7  to four to f i v e  pe r c e n t  i n  
1 9 9 0 . 

u.s . o i l  con s umpt ion i s  expec ted to g row only about one pe r c e n t  
per ye ar o v e r  t h e  fore c a s t  per iod , a s  s hown i n  F i g ur e  1 9 .  By 1 9 9 0  
the s tand a rd d ev i a t ion from the ave r ag e  i s  fore c a s t  to b e  + 5 . 6 
perce n t . 

Tab l e  1 1 2  s hows u . s .  o i l cons umption by s e c tor . Du r i ng the 
fore c a s t  per iod o i l  con s umpt ion is e xpec ted to g row mo s t  rap i d l y  i n  
the non- e ne rg y  a nd i nd u s tr i al sec tor s , wh i l e  a d e c l i ne i n  consump
t ion i s  forec a s t  for the u s e  o f  o i l i n  the e l e c tr ic u t i l i ty sec tor . 

U . S .  ENERGY S UPPL I E S  

F i g ure 2 0  pre s e n t s  the ad j us ted ave r ag e  o f  d ome s t i c l iq u id s  
produc t ion ( cr ud e  and cond ensate and natural  g as l iqu i d s ) and o i l  
impor t s . Wh i l e  the ave r ag e  o f  l i q u i d s  prod uc t ion for e c a s t s  ho l d s  
a t  about 1 0  M MB/D t hroug ho ut the per iod , by 1 9 9 0  o ne s tand ard d e
v i a t ion from the ave r ag e  i s  almos t �1 2 pe rcen t .  O i l  imports  i n  the 
averag e forec a s t  increase from 9 . 1  MMB/D i n  1 9 8 0  to 1 0 . 9 MMB/D i n  
1 9 9 0 w i th a s tandard d ev i a t ion o f  �1 7 . 6  percen t .  Tab l e  1 1 3  pr e
s e n t s  the ad j us ted averag e o i l  s upply forecas t .  

2 14 
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TAB LE 1 1 2  

u . s .  O i l  Consumpt ion by S e c tor* 

A c tu a l  S u rvey Av erag e An n u a l  Gr owth 
( Q uadr i l l ion BTU ' s )  ( P e r ce n t ) 

S e c tor 1 9 7 7  1 9 9 0  1 9 7 2 - 7 7  1 9 7 7 - 1 9 8 0  

Re s id e n t i al and 
Comme rc i a l  5 . 1 4 5 . 6 0 - 1 . 5  

Transportat ion 1 9 . 3 6 2 1 . 9 6 2 . 5  
I n d u s t r i a l  4 . 5 2 5 . 7 5  5 . 1  
Elec t r i c  Ut i l i ty 4 . 0 3 3 . 5 3 5 . 1  
Non- E n ergy and 

Othert  3 . 9 2 5 . 8 0 1 . 4  
To tal 3 6 . 9 7 4 2 . 6 4  2 . 3  

* Co l um n s  may not add d ue to round i ng . 
t in c l ud i ng s ynthe t i c s  i n  1 9 9 0 .  

TABLE 1 1 3  

U . S .  O i l  S upply* 
( MM B/D ) 

A c t u a l  

1 9 7 7  1 9 8 0  

Dome s t i c  Prod uc t io n  - To ta l 9 . 9  1 0  0 2 
Cr ud e  and Co nd e n s ate 8 . 2  8 . 7  
NGL 1 . 6  1 . 5  

Imports  - To ta l 8 . 8  9 . 2  
Cr ud e  a nd Un f in i s he d  6 . 6  7 . 1  
Prod uc t and NGL 2 . 2  2 . 1 

Sync r ud e  Prod uc t io n  o . o  0 . 0  
Proc e s s i ng Ga i n  and 

S tock Cha ng e 0 . 0  0 . 5  
To tal O i l Supply 1 8 . 7  9 . 9  

* Col umn s may no t add d ue to round i ng . 
t Le ss than 0 . 1  M B/D . 

2 1 8 

0 . 7  
1 . 0  
1 . 9  

- 1 . 0  

3 . 1  
1 . 1 

S urv ey Average 

1 9 8 2  1 9 8 5  1 9 9 0  

1 0 . 0  9 . 8  9 . 8  
8 . 5  8 . 4  8 . 5  
1 . 5  1 . 4  1 . 3  
9 . 9  1 0 . 4  1 0 . 9  
7 . 7  8 . 2  8 . 5  
2 . 2  2 . 3  2 . 4  

t t 0 . 3  

0 . 5  0 . 5  0 . 5  
2 0 . 5 2 0 . 8 2 1 . 5 



Th e u . s . g as prod uc t ion forecas t i s  s hown i n  F i g ure 2 1  a nd i n  
Table 1 1 4 . The fore c a s t  pro j e c t s  g a s  prod uct ion to con t i n ue d e
c l i n i ng throug h  the per iod , b u t  a t  a d im i n i s h i ng rate . To tal u . s . 

gas s uppl i e s  are fore c a s t  to r ema i n  f l a t  over the per iod , a t  abo ut 
1 9 . 4  TCF/year wi th i ncreased imports o f f s e t t i ng con t i n ued d e c l i n e s  
i n  prod uc t ion . The s tandard dev i a t ion i n  to tal g a s  s uppl i e s  i s  
+ 8 . 3  percent o f  the mean by 1 9 9 0 . 

TABLE 1 1 4  

u . s .  G a s  S upply 
( Tr il l ion Cub i c  Fe e t  Pe r Ye ar ) 

A c t u a l  S u rv ey 

1 9 7 7  1 9 8 0  1 9 8 2  

Prod u c t i on ( Dr y )  1 9 . 2  1 8 . 1  1 7 . 5 
Imports 1 . 0  1 . 4  2 . 0  
Syn g a s  Prod uc t ion N/A 0 . 2  0 . 3  
Export ,  Tra n sm i s s io n  

Lo ss , S t ock Ch ang e ,  e tc . ( 0 .  7 ) ( 0 .  3 ) ( 0 • 3 ) 
To tal Ga s Supply 1 9 . 5  1 9 . 4  1 9 . 4  

*Co l umns may not add due to round i ng . 

Average 

1 9 8 5  1 9 9 0  

1 6 . 8  1 6 . 2  
2 . 5  2 . 8  
0 . 3  0 . 5  

( 0 • 3 ) ( 0 • 2 ) 
1 9 . 4  1 9 . 3 

The pro j e c ted u . s .  coal prod uc t ion fo r e c a s t  i s  s hown i n  F i g ure 
2 2 .  Compared to 1 9 7 7 ,  coal prod uc t ion i n  1 9 8 5  i s  e xpec ted to 
i ncrease by 4 0  percent and in 1 9 9 0  by 8 0  percen t .  Th e s tand ard 
d ev i at ion from the ave r age w i l l  be 8 . 7  pe rcent i n  1 9 9 0 .  Over the 
fore c a s t  per iod , n uc lear o u tput g rows a t  an av erag e annual  rate  of 
nearly 1 0  percen t .  By 1 9 9 0 , the comb i n ed contr i b u t ion o f  coal and 
n uc l ear energ y  w i l l  r i se to abo ut 3 4  perce n t  of total e ne rg y  
s upply , from 2 2  pe r c e n t  i n  1 9 7 7 .  

2 19 
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PETROLEUM PRODUCTS S UPPLY/D EMAND 

Total P rod u c t  Demand 

Proj ec ted total Un i ted S t at e s  prod u c t  d emand for the ye a r s  
1 9 8 0 ,  1 9 8 2 ,  1 9 8 5 ,  and 1 9 9 0  a r e  d i s pl ayed i n  F i g ur e  2 3  and Tabl e  1 1 5 
for the ad j usted av erag e case . Re spond e n t s  e x pe c t d emand to i n
cre a s e  from 1 8 . 4  MM B/D i n  1 9 7 7  t o  2 1 . 2  MMB/D by 1 9 9 0  -- an annual  
i ncrease o f  j us t  over one percen t .  I n  g en e ra l , d emand g rowth w i l l  
slow con s iderab l y  d ur i ng the forec a s t ed i nterval s , f rom 2 . 0  percen t 
a nn ual ly d ur ing 1 9 7 7 - 1 9 8 0  t o  only 0 . 7  p e r c e n t  ann ual ly i n  1 98 5 -
1 9 9 0 .  F i g ure 2 3  a l so i nd i c a t e s  the var i ab i l i t y  o f  the d emand for e
cas t s  by d i spl aying the 1 9 9 0  l ev e l , pl u s  or m i n u s  two s tand ard 
d ev i a t ion s . S i nce the s tand a rd dev i a t ion i s  4 . 5  per c e n t  of the  
mean 1 99 0  f ore c � s ted v a l ue , s trong ag reemen t  e x i s ted among respon
dents w i th reg a rd to to tal d emand . 

Mo tor G asol ine Demand 

A pr imary c a u s e  of the slow i ng in agg reg a t e  pe t role um d emand i s  
t he a n t i c ipated pe a k i ng o f  motor g a so l ine r e q u i remen t s  i n  the early 
1 9 8 0 ' s .  Th i s  trend is  s hown in  F i g ure 24  and Table 1 1 6 .  Re s po n
dents expe c t  the pe a k  to o c c ur no l ater than 1 9 8 2 ,  w i th a d e c l ine 
there a f te r . The d e c l i ne i s  e xpec ted to a c c e l e r a te s omewh a t  a f te r  
1 9 8 5 ,  i n  the rang e o f  one to two pe rcent annua l l y . 

1 9 7 7  
1 9 8 0  
1 9 8 2  
1 9 8 5  
1 9 9 0  

TAB LE 1 1 5  

U n i ted S ta t e s  P rod u c t  Demand ( MMB/D ) 

Ac t ual/ 
Ad j us te d  Average 

1 8 . 4 3 
1 9 . 5 5 
2 0 . 1 5 
2 0 . 5 2 
2 1 . 2 3  

2 2 1  

1 9 8 0/1 9 7 7  
1 9 8 5/1 9 8 0  
1 9 9 0/1 9 8 5  
1 9 9 0 /1 9 7 7  

Ave r ag e  Ann ua l  
P e rc e n t  C ha ng e  

2 . 0  
1 . 0  
0 . 7  
1 . 1  
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Figure 22. U.S.Coal Production. 
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1 9 7 7  
1 9 8 0  
1 9 8 2  
1 9 8 5  
1 9 9 0  

Figure 24. U.S. Motor Gasoline Demand. 

TABL E 1 1 6 

Motor Gasol i ne Demand ( MM B/D ) 

A c t u a l/ 
Adj u s ted Average 

7 . 1 8 
7 . 5 8 
7 . 5 5 
7 . 1 6 
6 . 7 5 

2 2 3  

1 9 8 0/1 9 7 7  
1 9 8 5/ 1 9 8 0 
1 9 9 0/1 9 8 5  
1 9 9 0 / 1 9 7 7  

7 .43 

1 990 

A ve r ag e  Ann ua l 
P e r c e n t  Change 

1 . 9 
( 1 • 2 )  
( 1 • 2 ) 
( 0 .  5 )  



The pr inc i pa l  rea son for the peak and then d e c l i ne i n  g a s o
l in e  d em a nd i s  the rap id improveme n t  i n  au tomo t ive f u e l  economy . 
The b a s i c  a s s ump t ions for the l ow ,  mea n ,  and h i g h  d eman d s  i n  1 9 9 0  
a re s hown on Tab l e  1 1 7 . The key a s s ump t i ons unde r ly i ng the me an 
s urvey re s ponse are : 

• Tot a l  pas se nger cars on the road w i l l  i nc re a s e  f rom 1 0 2 . 7  
mi l l i o n  i n  1 9 7 7  to 1 3 4 . 2  mi l l ion i n  1 9 9 0 . 

• D i es e l  p a s s e ng e r  cars w i l l  accou n t  for abou t 1 0  pe r c e n t  of 
total new car s a l e s  in 1 9 9 0 .  

• New car f ue l  economy w i l l  i ncrease from 1 8  m i l e s  per g a l lon 
i n  1 9 8 0  to  2 6  m i l e s  per g a l lon by 1 9 9 0 . 

• The fue l economy o f  a l l  pas senger cars w i l l  ave r ag e  2 2  m i l e s  
per g a l lon i n  1 9 9 0 , a n  increase of  near ly 5 0  perc e n t  from 
the 1 9 8 0  ave r age . 

I n  F ig u r e  2 4 , pl u s  or mi nu s  two s tand a rd dev i a t ions are s hown 
for mo tor ga so l ine in the ye ar 1 9 9 0 .  Wi th a s ta ndard d e v i a t ion o f  
o nly f ive pe r c e n t  o f  the me an forecas ted va l u e , i t  cou l d  be con
c l ud ed that ag re eme n t  e x i s t s  among r e s pond e n t s  regard i ng d eman d  
l eve l s . Howeve r ,  d e sp i te t h e  low s tandard dev i a t io n , e xam i na t ion 
of the 1 9 9 0  key a s s s umpt ions in Table 1 1 7  i nd i c a te s  othe rwi s e . 
F i rs t ,  cons iderable va r i a tion ex i s t s  wi th rega rd to d i e s e l  p a s sen
ger car pene tra t ion . Second , the range o f  h i gh/l ow e s t ima t e s  o n  
the total p a s s e n g e r  c a r  pop ul at ion ex ceed s 3 0  m i l l i o n . Th i rd , 
la rge r ange s i n  to tal m i l e s  t r ave l ed and ave r ag e  m i l e s  per g a l lon 
for new c ars c re a te more unce r ta i n ty . 

W i th regard to g a so l i ne qual i ty ,  r e spo nd e n t s  expe c t  un l e ad ed 
gaso l i ne to repre s e n t  more than 8 0  percent  o f  to t a l  d ema nd i n  1 9 9 0 .  
On ave r ag e , t h e  re spo ns e s  i nd i cate pr em i um u n l e ad ed g a so l i n e  re
q u i r emen t s  to to tal abou t 4 0  perce n t  of  ove r al l un l e ad ed d ema nd , 
w i th a n  o c t ane r a t i ng of 9 2 . Pr emi um l e aded ga so l i ne req u i r eme n t s  
are e xpe c ted to b e  n eg l ig ib l e  by 1 9 8 5 .  

2 2 4  



N 
N 
U1 

ASSUMPTIONS* 

Passenger Cars In Use (Mi l lions ) 
Average Annual % Change 1990/ 1 9 7 7  

New Car Regis trations (Millions )  
Average Annual % Change 1 9 9 0/ 1 9 7 7  

Diesel Pa ssenger Car Sales (Millions ) 
Average Annual % Change 1990/ 1 9 7 7  

Total Miles Traveled (Bil lions) 
Average Annual % Change 1 9 90/ 1 9 7 7  

Average Miles /Gallon New Cars 
All Cars  

MOTOR GASOLINE DEMAND t 

Ad justed Average Demand (MBPD) 
Average Annual % Change 1 9 90/ 1 9 7 7  

GASOLINE QUALITY* 

Unleaded as  % of Total 
Leaded as  % of Total 

Octane Level [ ( R+M) / 2 ]  
Unleaded Non-Pr emium 
Unleaded Pr emium 
Leaded Non-Pr emium 

TABLE 1 1 /  

United S tates Motor Gasoline Situat ion 

1 9 7 7  
Actual 

1 02 . 7  

1 0 . 3 

N . A  

1 '  1 1 9 

1 5  
1 4  

7 , 1 7 6  

2 6 . 6  % 
7 3 . 4  

8 8  
N . A. 
90 

1 980 
Average 

1 1 1 . 7 

1 1 . 1  

0 . 3  

1 , 280 

1 8  
1 5  

7 , 5 83 

48 . 2  % 
5 1 . 8 

88  
92  
90  

1 985 
Average 

1 23 . 7  

1 1 . 9 

0 . 8  

1 , 45 9  

2 4  
1 8  

7 , 1 5 6  

7 2 . 5  % 
2 7 . 5 

88  
91  
90  

Low 

1 19 . 4  
1 . 2 % 

1 0 . 7  
0 . 3  % 

0 . 2  

1 , 4 1 7  
1 . 8 % 

24  
20  

6 , 024 
( 1 . 3 )  % 

8 8 . 7  % 
1 1 . 3 

8 7  
8 7  
89 

*Data reported are the l ow ,  high , and arithmetic average of responses to the survey . 

1 990 
Average 

1 3 4 . 2  
2 . 1  % 

1 2 . 1  
1 . 3 % 

1 . 2 

1 , 660 
3 . 1  % 

2 6  
22  

6 , 753  
( 0 . 5 ) % 

8 3 . 9  % 
1 6 . 1  

88  
92 
90 

High 

1 5 1 .5 
3 . 0 % 

1 3 . 5  
2 . 1  % 

2 . 2  

2 , 648 
6 . 9  % 

34 
24  

7 , 240 
0 . 1  % 

6 9 . 0  % 
3 1 . 0  

92  
94 
91 

tTotal motor ga soline demand includes  pa ssenger car use , o ther highway use ( trucks) , and of f-highway use .  



M i d d l e  D i s t i l l a t e  Demand 

Re s po nd en t ' s  e s t ima te s  of keros i n e , j e t  f ue l , a nd d i s t i l l a t e  
f ue l  o i l  demand we re po oled t o  c re ate a m i d d l e  d i s t i l l a te demand 
category . The s e  data were then re-g rouped accord i ng to the fol l ow
i ng : j e t  f ue l , o n-h ig hway d i e s e l  f ue l , and other m i d d l e  d i s t i l -
la te s .  F i g ure 2 5  s h ows the d emand trends for t h e s e  g roup i ng s . On 
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Figure 25. U.S. Middle Distillate Demand (Includes Kerosine, Jet Fuel and Distillate) .  

1 9 7 2  
1 9 7 7  
1 9 8 0  
1 9 8 2  
1 9 8 5  
1 9 9 0  

TABL E 1 1 8 

Un i ted S ta te s  M i d d l e  D i s t i l l a te Demand ( MMB/ D ) 

A c t ua l/Ad j us ted 
Average 

4 . 1 9 
4 . 5 7 
4 . 8 9  
5 . 1 8 
5 . 5 4  
6 . 2 0 

2 2 6  

1 9 7 7/ 1 9 7 2  
1 9 8 0/ 1 9 7 7  
1 9 8 5/ 1 9 8 0  
1 9 9 0/1 9 8 5  
1 9 9 0/1 9 7 7  

Ave r ag e  Ann u a l  
P e r c e n t  Change 

1 . 7 
1 . 4  
2 . 5  
2 . 3  
2 . 4  



average , t he data ind i c ate that total midd le d i s t i l l a te demand w i l l 
increase 2 . 4  pe rcent annual ly d ur i ng 1 9 7 7 - 1 9 9 0 .  Th i s  i s  above the 
1 . 7  pe rce n t  annual grow t h  dur i ng 1 9 7 2 -1 9 7 7 . Table 1 1 8 i n d i c a te s  
th i s  chang e , a s  we l l  a s  the var i a t ion i n  g rowth d ur i ng the fore c a s t  
per iod . 

Je t fue l ' s  r e l a t ive share of the midd l e  d i s t i l l a t e  f r ac t ion 
will r ema i n  rather s t ab l e . Howeve r ,  pr imar i l y  d ue to r e s pond e n t s ' 
e xpecta tions concern i ng the g row i ng number of d i e s e l -powe red a u to
mob i l e s , on-h ighway d i e s e l  d emand w i l l  more than d o ub l e  to 1 . 8 2 
MMB/D by 1 9 9 0  -- an annual i n c r e ase of more than s eve n pe r c en t .  I n  
con tra s t  other m id d l e  d i s t i l l a te d emand ( in c l ud i n g  ke ros i ne ) w i l l 
e xpe r i ence l i ttl e growt h .  The dema nd by t he s e  three g rou p in g s  are 
shown in Tab l e  1 1 9 . 

1 9 7 2  
1 9 7 7  
1 9 8 0  
1 9 8 2  
1 9 8 5  
1 9 9 0  

1 9 7 7/19 7 2  
1 9 7 0/ 1 9 7 7  

TABL E 1 19 

M i d d l e  D i s t i l l ate Demand ( MM B/D ) 

On-H i ghway Othe r 
J e t  F u e l  D i e s e l  D i s t i l l a te 

1 .  0 5  0 . 5 2  2 . 6 3 
1 . 0 4 0 . 7 2 2 . 8 0 
1 . 1 2 0 . 9 4 2 . 8 3  
1 . 1 9 1 . 0 9 2 . 9 1 
1 . 2 7 1 .  3 5  2 . 9 1  
1 . 4 4  1 .  8 2  2 . 9 3 

Average Annual Percent Change 

( 0 .  1 ) 
2 . 5 

6 . 9  
7 . 4  

1 . 3  
0 . 4  

To tal 

4 . 1 9 
4 . 5 7 
4 . 8 9  
5 . 1 8 
5 . 5 4 
6 . 2 0 

1 . 7  
2 . 4  

S urvey r e s ul t s  show r e s id u al f ue l  o i l  dema nd i n c re a s i ng 
throughout the ear ly to m i d -1 9 8 0 ' s  and then d e c l i n i ng mod e s t l y  by 
1 9 9 0 . These re s ul t s  are s hown g r aph i c al ly in F ig ur e  2 6 . W i t h  
abou t 5 0  percent of re s i d ual f ue l  cons umed by e l e c tr i c u t i l i t i e s , 
the fore c a s ted d e c l i ne i n  u t i l i ty pe trol eum con s ump t i o n  a f t e r  1 9 8 5  
accounts for the decrease i n  ove r a l l  res i d ual f ue l  d emand . A l so 
s hown i n  F ig ur e  2 6 ,  the 1 9 9 0  demand , pl u s  or m i nu s  two s tand a rd 
deviat ions , i nd i c a t e s  cons iderable d i f ferences  i n  re s po nd e n t s ' d e-

2 2 7  
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Figure 26. U.S. Residual Fuel Oil Demand by Sulfur Content. 

mand l eve l s . The s e  unce r t a i n t i e s  undoub ted ly r e l a te to re s pon
d e n t s ' e xpe c ted trends i n  u t i l i ty con s ump t ion o f  coal  and n a t ur a l  
g a s . Table 1 2 0  s umma r i z e s  f u ture re s id ua l  f ue l  o i l  d emand trend s . 

1 9 7 7  
1 9 8 0  
1 9 8 2  
1 9 8 5  
1 9 9 0  

TABLE 1 2 0  

U n i te d  S ta te s  Re s id ual F u e l  O i l  Demand ( MMB/ D ) 

A c t ual/ 
Adj u s ted Ave rage 

3 . 0 7 
3 . 1 4 
3 . 2 4 
3 . 3 3 
3 . 2 3 

1 9 8 0 / 1 9 7 7  
1 9 8 5/ 1 9 8 0  
1 9 9 0/ 1 9 8 5 
1 9 9 0/ 1 9 7 7  

Ave rage A n n u a l  
P e r c e n t  C h a n g e  

0 . 7  
1 . 2 

( 0 • 6 ) 
0 . 4 

Chang e s  i n  demand by s u l f ur g r ad e s  are equal ly s e n s i t i ve to 
u t i l i ty f ue l  o i l r eq u i r emen t s . Demand by s u l f ur g rad e is s hown i n  
F i g ur e  2 6  a nd i n  T a b l e  1 2 1 fo r t h e  fo r e c a s t ye ars . T h e  dema nd f o r  
0 - 0 . 5  perc e n t  g r ade f ue l  o i l fol l ows u t i l i ty d emand c lo s e ly , and r e 
q u i reme n t s  a l s o  pe ak i n  1 9 8 5 . From 1 9 7 7  t o  1 9 9 0 , l ow s ul f ur f ue l  
o i l d emand ( d e f i ned a s  1 . 0  pe rcent  s ul f ur and l owe r ) i nc r e a s e s  from 
a bou t 5 4  perce n t  of  the total to 6 0  perc e n t .  

2 2 8  



TABL E 1 2 1 

U n i t ed S t a t e s  Re s idual  Fuel  Demand 
Percent by S u l f ur Grade 

Grade 1 9 7 7  1 9 8 0  1 9 8 2  1 9 8 5  1 9 9 0  

0 -0 . 5 % S  3 1 . 2 % 3 1 . 6 %  3 3 . 0 % 3 4 . 2 % 3 2 . 5 % 
0 . 5 1 - l . O % S  2 2 . 6  2 6 . 0  2 5 . 9  2 6 .  3 2 7 . 8  
l . O l- 2 . 0 % S  1 9 . 9  2 0 . 5  2 0 . 1  1 9 . 7  2 0 . 0  

2 . 0 %S+ 2 6 . 3  2 1 . 9  2 1 . 0  1 9 . 8  1 9 . 7  

1 0 0 . 0 % 1 0 0 . 0 %  1 0 0 . 0 % 1 0 0 . 0 % 1 0 0 . 0 % 

S urvey r e s ul t s  a l s o  prov ide ad di t i onal d a ta o n  an t i c ipa ted de
mand by l i gh t-end ve r s u s  he avy-end , a nd d ema nd by r e g i o n . Ove r the 
1 9 7 7-1 9 9 0  pe r iod , t he s urvey i nd i cate s a mod e r ate i nc r e a s e  i n  the 
proport ion of l i gh t-end pro d uc t s  cons umed , d e s p i te the peak and 
t he n  de c l i ne in mo tor g a so l i ne req u i reme n t s . Th i s  p a t t e r n  i s  oppo
s i te to the trend d ur i ng 1 9 7 2 - 1 9 7 7 ,  when s trong re s i d u a l  f ue l  d e
mand grow th i n creased the pr opo r t ion of heavy-e nd produc t s  con
s umed . Tab l e  1 2 2 s ummar i ze s  the l igh t and he avy pro d uc t  d ema nds 
and trends . 

TA BL E 1 2 2  

L i ght-End Ve r s us Heavy- E nd Prod u c t  Demand ( MMB/D ) *  

Adj u s ted Average 1 9 7 2  1 9 7 7  1 9 8 0  1 9 8 2  1 9 8 5  1 9 9 0  

L ig h t- e nd 1 2 . 9 3 1 4 . 3 3 1 5 . 3 1 1 5 . 7 7 1 5 . 9 9 1 6 . 7 1 
He avy-end 3 . 4 4 4 . 1 0  4 . 2 5 4 . 3 8 4 . 5 4 4 . 5 2 

To tal  1 6 . 3 7 1 8 . 4 3 1 9 . 5 5 2 0 . 1 5  2 0 . 5 2 2 1 . 2 3 

Percentage of Total 

L igh t-end 7 9 . 0 % 7 7 . 8 %  7 8 .  3 %  7 8 . 3 % 7 7 . 9 % 7 8 .  7 %  
He avy-e nd 2 1 . 0  2 2 . 2  2 1 . 7  2 1 . 7  2 2 . 1  2 1 . 3  

* L ig h t-e nd produc t s  i nc lude av i a t ion ga so l i ne ,  mo tor g a so l i ne ,  
keros ine , j e t  f ue l , d i s t i l l a te f ue l , LPG , s t i l l  g a s , naph th a , and 
petrochem i c al f e ed s tock s .  

2 2 9  



R EG IONAL PE TROLEUM SU PPLY/DEMAN D 

T h e  s uppl y/d ema nd s ur vey soug h t  de tai l ed reg i onal b a l ance s f o r  
each o f  t h e  f i ve PAD d i s tr i c t s .  The re s pon s e s  t o  t h e  s urvey i nd i
c a ted that  only a re l a t ive ly f ew i ns t i t u t i ons fo r e c a s t  d e ta i l ed 
balances for a l l f i ve d i s t r i c t s . As shown i n  the r e ply t a l l i e s  i n  
Append i x  G ,  howeve r ,  mos t  responde n t s  prov ided b a l a n c e s  f o r  PADs 
I - I V  i n  agg r egate and PAD V .  It  wa s conc l ud e d  that  the i nd i v i d u a l  
PAD d a ta we re too l im i te d  t o  pr ov i de a me an i ng f ul repo rt , t h u s  only 
PADs I - I V  agg r egate and PAD V data are inc l ud ed . 

Loc a l  Prod u c t  Demand 

F i g ure 2 7  pre s ents  the ave r age of  the s urvey r e s u l t s  and the 
va r iance of  the respo ns e s  for the ye ar 1 9 9 0 . On ave rage the fo re
c a s t e r s  are e xpe c t i ng ve ry mode s t  growth in pro d uc t  d eman d s , i n  
both the E a s t  and We s t ,  ove r the next d e c ad e . I n  PADs I - I V , the 
d emand increase over the 1 9 8 0 -1 9 9 0  pe r i od ave r age s 1 4 0  M B/D and 
r e ach es a leve l of  1 8 . 2  MMB/D . I n  PAD V d emand i s  expe c ted to 
reach 3 . 0  MM B/D by 1 9 9 0 , growing a t  an ave r age r a t e  of 3 0  M B/D pe r 
a nnum beg i nn ing i n  1 9 8 0 . As i nd i c a ted by the 1 9 9 0  va r ianc e ,  t h e re 
i s  r e l a t i ve l y  good ag re ement amo ng the r e s pond e n t s  even a t  the  
e x t reme s o f  the  forec a s t s . 

P e r c e n tage annual g rowth r a te s of prod u c t  demands for va r io u s  
s egments  of  the forec a s t  pe r i od a r e  s hown i n  Tab l e  1 2 3  a n d  c ompared 
to a c t ua l  rate s for the 1 9 7 2 -1 9 7 7  pe r i od . 

PADs I - IV 
PAD V 

TA BL E 1 2 3  

Prod u c t  Demand Growth Ra t e s  

A c t u a l  Average Ann u a l  I nc r e a s e  ( % )  

7 2 - 7 7  

2 . 2  
3 . 9  

7 7 - 8 0 

2 . 1  
1 . 4  

2 3 0  

8 0 - 8 5  

0 . 9  
1 . 4 

8 5- 9 0  

0 . 7  
0 . 4  

7 7 - 9 0  

1 . 1  
1 . 0  
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A l though the  g row t h  r a te prof i l e s  are s ub s tan t i al ly d i f fe r e n t  
for t h e  two a re a s , t h e  r a t e s  for the pe r io d  1 9 7 7 -1 9 9 0  are  e s s e n
t i a l ly the s ame . 

Ac cord i ng to respo nde nts ' d a t a ,  PAD V d ema nd , a s  a pe r c e n t of  
to tal u.s. d emand , w i l l  rema i n  r e l a t ive ly con s t a n t  d ur i ng the fo re
cast  pe r iod . Th i s  pattern is  i n  con tras t to that  d u r i ng 1 9 7 2 - 1 9 7 7  
when PAD V d ema nd i n c r e a s ed fas ter than that of  the Un i t ed S ta te s  
a s  a who l e . A l t houg h  the shares  amo ng t h e s e  reg i o n s  are  expected 
to r ema i n cons tan t ,  th i s  i s  not the c a s e  wi t h  ga so l i ne d emand . Be
twe e n  1 9 7 7  and 1 9 9 0 , PAD V dema nd is  proj e c ted to de c l i ne by o n ly 
0 . 2  pe rcent annual ly , c ompar ed to a dec l i ne of  0 . 5  pe r c e n t  for PADs 
I - I V .  Total produc t and mo tor g a so l i ne demand t r e nd s  by reg ion are 
shown in Tabl e 1 2 4 . 

PADs I - IV 
PAD V 

PAD s I - IV 
PAD V 

Crude Runs 

TABL E 1 2 4 

Reg i onal To tal Demand Trends 
( Pe r c e n tage o f  Total ) 

1 9 7 2  

8 6 . 8  
1 3 . 2  

1 9 7 7  

8 5 . 8  
1 4 . 2  

1 9 8 0  

8 6 . 0  
1 4 .  0 

1 9 8 2  

8 6 . 0  
1 4 . 0  

1 9 8 5  

8 5 . 7  
1 4 . 3  

Reg i onal  Motor G a so l i ne Dem a nd Trend s  
( Pe r c e n tage o f  Tota l ) 

1 9 7 2  

8 5 . 3  
1 4 . 7  

1 9 7 7  

8 4 . 9  
1 5 . 1  

1 9 8 0  

8 5 . 0  
1 5 . 0  

1 9 8 2  

8 4 . 8  
1 5 . 2  

1 9 8 5  

8 4 . 6  
1 5 . 4  

1 9 9 0  

8 6 . 0  
1 4 . 0  

1 9 9 0  

8 4 . 4  
1 5 . 6  

As  d e p i cted i n  F ig ur e  2 8 , the respo nd e n t s  fo r e s e e  only mod e s t  
i ncreases  i n  c r ude runs w i t h i n  both PAD a re a s .  Th i s  trend i s  con
s i s tent w i th t ha t  obs erved for total prod u c t  dema nd s . Dur i ng the 

2 3 2  
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next  1 0  ye ars , r u n s  i n  PAD s I - IV a re expec ted to r i s e  to 1 4 . 3  MMB/D 
by 1 9 9 0 , a t  an ave r age annual rate of  1 2 0  M B/D , wh i l e  those in PAD 
V a re a n t i c ipa ted to i ncrease at an annual r a te of 3 0  M B/ D  to a 
1 9 9 0  l eve l o f  2 . 7  MM B/D . The 1 9 9 0  va r i ance aga i n  impl i e s  f a i r ly 
g ood ag r eeme n t  among the e s t ima te s .  Va r i ance i n  f o r e c a s t s  of  PAD V 
c r ude r uns i s  s ubs tan t i al ly h igher than that  for e s t ima t e s  o f  PADs 
I - IV c rude runs and PAD V prod u c t  dema nd s . 

Growt h ra te prof i l es d e p i c t ed i n  Tab l e  1 2 5  f o r  c rud e runs are 
d i f ferent for the two area s ,  wh ile the r a t e s  for the e n t i re 13 ye a r  
p e r iod 1 9 7 7 - 1 9 9 0  are a l l  bu t equal , a t  a mod e s t  1 . 1  to 1 . 2  per c e n t  
pe r annum . 

TA BL E 1 2 5  

Growth Rate i n  C rude Runs 

A c tual Ave rag e Ann ual  I nc r e a s e  ( % ) 

7 2 - 7 7  7 7 - 8 0 8 0 - 8 5  8 5 - 9 0  7 7 - 9 0  

PADs I - IV 4 . 6  2 . 2  1 . 0  0 . 8 1 . 2  
PAD V 3 . 9 1 . 8  1 . 4  0 . 3  1 . 1 

The g r owth rate pro f i l e s  for c r ude r un s  are a l so con s i s te n t  
w i th those for l o c a l  produc t dema nd . 

Dome s t i c  L iq u i d s  P rod u c t ion 

F i g u r e  2 9  pr e se n t s  the survey ave rage expe c t a t i ons f o r  the s um 
o f  c r ud e , cond e n s a te and na t ur a l  gas prod uc t ion i n  t h e  Ea s t  and 
We s t . Accord i ng to forecas ters , the E a s t  w i l l  be a de c l i n i ng pro
d uc i ng are a , d r opp i ng 1 . 1  MMB/D of prod uc t ion c apab i l i ty over the 
1 9 8 0 -1 9 9 0  per iod , wh i l e  the We s t  wi l l  enj oy a produc t i o n  i ncrease 
o f  6 0 0  M B/D , albe i t  i ns u f f ic ient to of f s e t  the d e c l ine i n  PADs 
I - IV .  The rate s o f  ch ange i n  reg ional produc t i o n  are shown in 
Table 1 2 6 .  

2 3 4  
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TABLE 1 2 6 

Dome s t i c  Pe tro l e um Prod u c t ion Growth Ra te s 

PADs I - I V  
PAD V 

A c t u a l  

7 2 - 7 7  

- 3 . 4  
4 . 0 

Average Ann u a l  I nc r e a s e  ( % ) 

7 7 - 8 0  

- 2 . 6  
1 9 . 4  

8 0- 8 5  

- 2 . 2  
2 . 7  

8 5- 9 0  

- 0 . 8  
2 . 1  

7 7 - 9 0  

- 1 . 8  
6 . 1  

The 1 9 9 0  var i ance i n  the e s t ima te s  s ug g e s t s  that  a l l  r e
s po nd e n t s  ag ree tha t pr odu c t ion i n  PAD s  I - IV w i l l  indeed d e c l i ne ,  
but wi th a g re a ter or l e s s e r  e xpe c t ed s eve r i ty .  E xpe c t a t ions fo r 
PAD V r anged f rom pro l i f e r a t i on to d e t e r iora t i o n  i n  prod u c t i o n  
capab i l i ty .  

The prod uct ion d ec l i ne prof i l e  for PADs I - I V  i nd i c a t e s  that  the 
r ate of d e c l i n e  wi l l  d e c rease s ig n i f i cantly ove r the l a t te r  ye ars 
of  the n e x t  d e c ad e . PADs I - IV NGL pro d uc t ion , not  d e l inea ted i n  
f ig ure o r  tab l e , i s  e s t ima ted to decl i ne a t  e s s e n t i a l ly the s ame 
rate d ur i ng the 1 9 7 7 - 1 9 9 0  pe r iod as to tal  l iq u id prod uc t i o n . The 
PAD V g r owth prof i l e  shows an oppo s i te bu t l i ke t re nd -- a d e c re a s e  
in the rate o f  g r owth a s  t h e  1 9 8 0 -1 9 9 0  d e c ad e  c l os e s .  N G L  prod uc
t ion , wh ich ac coun t s  for l e s s  than two pe r c e n t  of  PAD V ' s tota l , i s  
forecas ted to i n c re a s e  a t  ab out the s ame ave r ag e  annual r a t e , 
r each i ng 6 3  M B/D i n  1 9 9 0 . 

Total Imports 

Al l forecasters an t i c i pated a growi ng depend e n c e  on impo r t s , 
par t i c ul a r ly i n  PADs I - I V .  As dep i c ted i n  F ig ur e  3 0 ,  imports  i n to 
PADs I - IV are exp e c t ed to increase s te ad i ly to a 1 9 9 0  l eve l o f  1 0 . 3  
MM B/D , abou t 2 MM B/D more than a t  pre s e n t .  The 1 9 9 0  va r i ance s ug
g e s t s  fa i r ly g ood ag reeme nt amo ng the forec a s ters wi th r e spe c t  to 
the l evel to wh i ch imports w i l l  r i s e .  The fore c a s te r s  e xpect prod
uct impo r t s  i nto PADs I - IV to rema in a near cons tant two MMB/D . 

2 3 6  
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Wh i l e  the r e s po nd e n t s ' e xpected leve l of  impo r t s  i n to PAD V 
va ry cons id erab ly , there i s  general ag re eme n t  t h a t  wha t eve r the  
l eve l i s ,  i t  wi l l  not  ch ange appr e c i ably ove r the n e x t  d e c ad e . 
ave r age of  the fore c a s t s  i s  6 0 0  M B/D through 1 9 9 0 ,  w i t h 1 0 0  to 
M B/D b e i ng prod u c t s . 

The 
1 5 0  

Annu a l  g row t h  r a te or rate of change prof i l e s  fo r impo r t s  are 
s hown in T ab l e  1 2 7 .  All  of the cha nge s in PAD V impo r t s  take pl ace 
at the beg i n n i ng of the fore c a s t  pe r iod , c o i n c id e n t  wi th the  adve n t  
o f  Nor t h  S l ope c r ud e  i n  1 9 7 7 .  Imports i n to PAD s I - IV i nc rea s e  
s te ad i ly ove r the per iod , b u t  at  de c l i n i ng annual  r a te s  tha t ave r
age 2 . 4  perc e n t  for the 1 3  yea r  1 9 7 7 -1 9 9 0  pe r iod . 

TABLE 1 2 7  

G rowth Rate i n  To tal Pe tro l e um I mpo r t s  

PADs I - IV 
PAD V 

I n ter- PAD Rece i p t s  

A c t u a l  

7 2- 7 7  

1 4 . 1  
8 . 2 

Ave rag e A n n u a l  I nc r e a s e  ( % )  

7 7 - 8 0  

4 . 2  
- 2 2 . 2  

8 0 - 8 5  

2 . 8  
1 . 0  

8 5- 9 0  

0 . 9  
- 0 . 3  

7 7 - 9 0  

2 . 4  
- 5 . 4  

A l l  r e s pond e n t s  forecas t a con t i n u i ng d r ama t i c  c h a ng e  i n  i n t e r
PAD moveme n t s  fo r PADs I - IV . The s urvey ave r ag e s  pr e s e n ted i n  
F ig ure 3 1  i nd i c a te a d o ub l i ng of  those moveme n ts b e twe e n  1 9 8 0  and 
1 9 9 0 . V i r t ual ly a l l ( 9 5 perce n t ) of  the We s t  to E a s t  s h i pme n t s  are 
c r ude o i l .  The re is an e xtreme ly wide d ive rgence amo ng fore c a s ters  
a s  to  j u s t  how d rama t i c  the  ch ange in PAD s  I - I V  i nter-PA D  r e c e i p t s  
w i l l  be . T h e  var i ance i s  s o  grea t ( one s tandard d ev i a t ion equa l s  
a bou t 7 5  pe r c e n t  of  the ave rage ) tha t no c l ear conse n s u s  ex i s ts . 

2 3 8  
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I n te r-PAD s h i pme n t s  i n to PAD V are expe c ted to rema i n  at cur
rent rates over the n e x t  1 0  ye ars and w i l l  be ove r 9 5  perc e n t  
pe troleum produc t s . The va r i ance i n  the PAD V e s t ima te i s  a ma tter 
of  l e ve l . 

Rate of  change pro f i l e s  i n  Table 1 2 8  i nd i c a te that  even though 
the b ig j ump i n  i n te r-PAD s h ipme nts i n to PAD s  I - IV h as in e f fe c t  
occurred , a ve ry s ubs tan t i al annual rate of  upward moveme n t  c o u l d  
con t i nue through 1 9 9 0 . That annual rate i n  t h e  1 9 8 0 -1 9 9 0  per iod 
approx ima te s 7 . 5  pe rcen t .  I n te r-PAD s h i pme n t s  i n to PAD V are no t 
e xpec ted to chang e  s ub s tant i a l ly . 

TA BL E  1 2 8  

Ra te o f  Change i n  I n ter-d i s tr i c t  Pe tro l e um Moveme n t s  

A c t u a l  Average Annual I nc r e a s e  ( % )  

PADs I - IV 
PAD V 

7 2 - 7 7  

1 8 . 6  
- 5 . 8  

2 3 9 

7 7 - 8 0 

9 3 . 4  
0 . 1  

8 0 - 8 5  

7 . 5  
- 2 . 0  

8 5 - 9 0  

7 . 1  
0 . 8 

7 7 - 9 0  

2 1 . 6  
- 0 . 5  
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APPEND I X  A 

REQUEST LETTER 



Department of Energy 
Washi ngton, D.C.  20585 

Dear Mr . Chandl e r : 

September 1 8 , 1 9 7 8  

The N a tional P etroleum Counc i l  h a s  prepared n umerous s tud i e s  
i n  the pas t on the N a tion ' s  petro l e um re f in i ng i ndus try . 
The se stud i e s  have outl ine d  the e conom ic ,  e n v i ronmen t a l , 
governme n ta l , and technolog i c a l  factors whi c h  a f fe c t  the 
a b i l i ty of the  dome s t i c  re f i ni ng i ndus try to respond t o  
demands for e s se n t i a l  petroleum produc t s . S in c e  the Coun
c i l ' s  last such s t udy in 1 9 7 3 , patterns of crude sourc e s  for 
dome s t i c  re f i ne r i e s  have c hanged and a re-exam i n a t i on o f  the 
s it ua t i on by the Counc i l  i s  in orde r . 

I n  my l e t te r  o f  June 2 0 , 1 9 7 8 ,  I i n di c a ted t h a t  your s tudy 
on o i l  and g a s  transpor a tion systems sho u l d  a l so tre a t  t h e  
spa t i a l  and transport a ti o n  re l a ti o n s h i p s  b e tw e e n  re f in e r s  o f  
vary in g  capac i t i e s  and c rude o i l  source s .  A f t e r  f urther 
con s iderati o n , howe ve r , i t  appears that t h e  comp l ex i t i es o f  
the re f in ery capabi l i ty i s sue are s u f f i c i e n t  t o  warrant a 
separate s tudy e f fo r t . 

I ,  there fore , reque s t  the N a t i on a l  P e tro l e um Coun c i l  t o  
undertake a comprehen s i ve s tudy o f  t h e  h i s to r i c a l  trends and 
pre s e n t  s tatus  of the dome s t i c  re f i n i n g  i ndus t ry ' s  source s  
o f  crude o i l  and i t s  capab i l i t y  to proc e s s  the s e  c rude s i nto 
marketab l e  petro l e um product s . The s tudy should a n a l y z e  
factor s a f f e c ti n g  t h e  f uture trends i n  c r ude o i l  a va i l ab i l
i ty ,  re f in i n g  c ap ab i l i ty and the compet i t i ve e conom ic s  o f  
sma l l , medi um ,  and l arge r e f i ne ry ope r a ti o n s  through the 
year 1 9 9 0 .  The s tudy should a l so exam i ne the i ndust ry ' s  
f lexi b i l i ty to mee t  d i s lo c a t i o n s  o f  s uppl y . 

For the  purpos e  o f  t hi s  s tudy , I am de s ig n a t i ng D a r i u s  
Gask i n s , Deputy A s s i s ta n t  Secre t a ry f o r  P o l i c y  A n a ly s i s , to 
represent me and t o  provide the nec e s s ary coord i n a t i on 
betwe e n  the Departme n t  o f  Energy and t h e  N a ti on a l  P etrole um 
Counc i l .  

S i nc e re ly , 

dJ� R�� c� 
S ec r et a ry 

Mr . C o l l i s  P .  Chand ler , Jr . 
C ha i rman , N a ti o n a l  Pe troleum Coun c i l  
1 6 2 5  K S tre e t , N . W .  
Wa s h i ng ton , DC 2 0 0 0 6  
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ROSTERS 



NAT I ONAL PETROLE UM C OUNC I L  
ROSTER 

J a ck H .  A b e r na t h y , Ch a i rman 
B i g  Ch i e f  Dr i l l i ng Comp a n y  

J a c k  M .  Al l e n , Pre s i d e n t  
Al pa r Re source s , I n c . 

Ro be r t  0 .  An d e r so n  
Cha i rman o f  the Boa r d  
A t l an t i c  Ri ch f i e l d  Company 

R .  E .  Ba i l ey 
Cha i rman and 

Ch i e f  Ex ec u t i v e  Of f i c e r  
Conoco I n c . 

R .  F .  B a ue r 
Ch a i rman o f  the Bo ard 
Glob a l  Ma r i ne I n c . 

Robe r t  A .  Be l fe r , Pre s i d e n t  
Be l c o  Pe tro l e um Co rpor a t ion 

Harold E .  Be rg 
Cha i rman of t h e  Boa r d  a nd 

Ch i e f  Ex e c u t i v e  Of f i c e r  
Ge t ty O i l  Compa ny 

Joh n F .  Bookou t 
Pr e s i d e n t  and 

Ch ie f Ex e c u t ive Of f i c e r  
Sh e l l  O i l  Company 

W .  J .  Bo we n 
Ch a i rma n o f  the Boa rd 

a nd Pr es id e n t  
Tra n s c o  Compan i e s  I n c . 

Howard Boyd 
Cha i rman of the 

Ex e c u t ive C omm i t tee 
Th e El Pa so Company 

I .  Jon Br um l e y  
Pre s id e n t  a n d  

Ch i e f  Ex ec u t i v e  Of f i c e r  
Sou t h l a nd Roya l ty Company 

Th eodore A .  B u r t i s  
Ch a i rma n , Pre s i d e n t  a nd 

Ch i e f  Ex ec u t i v e  Of f i ce r  
Sun Compa ny , I n c . 

B - 1  

John A .  C a r ve r , Jr . 
D i r e c to r  o f  t h e  Na t u r a l  

Re s o u r c e s Prog r am 
Co l l e g e  o f  L a w  
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C .  Fred Ch ambe r s , Pre s id e n t  
C & K Pe t r o l e um ,  I n c . 

Co l l i s P .  Ch a nd l e r , Jr . 
Pre s id e n t  
Ch and l e r  & As s o c i a te s , I n c . 

E .  H .  C l ark , J r . 
Pre s id e n t  an d 

Ch i e f  Ex e c u t i v e  O f f i c e r  
Ba ke r  I n t e rn a t i o n a l  

Ed w i n  L .  Co x 
O i l and Ga s P r od u c e r  

Ro y T .  Du r s t  
Con s u l t i n g  E ng i n e e r  

Jame s w .  Em i s o n , Pre s id e n t  
We s te r n  Pe t r o l e um Comp a n y  
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Armand H amme r 
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and Ch i e f  Ex e c u t i v e  Of f i c e r  
Oc c i d e n t a l  Pe tro l e um Corpo r a t ion 

J a ke L .  Hamon 
O i l  and Gas Prod uc er 

John P .  Harb i n  
C h a i rman o f  t h e  Bo ard and 

Ch i e f Ex e c u t i v e  Of f i c e r 
Ha l l i b u r ton Company 

F r ed L .  H a r t l ey 
Ch a i rma n and Pre s id e nt 
Un ion O i l  Comp any o f  Ca l i f o rn i a  

J o hn D .  H a un , P r e s i d e n t  
Ame r i c a n As soc i a t i o n  

o f  Pe tro l e um G e o l og i s t s  

De n i s  H a ye s  
Ex e c u t ive D i r e c tor 
S o l a r  En ergy Re se a r c h  I n s t i t u te 

H .  J .  H a yne s 
Cha i rman o f  t h e  Boa rd 
S t and ard O i l  Company 

o f  C a l i forn i a  
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Ro be r t  A .  He f n e r  I I I 
Man ag i ng Par tne r 
GHK Comp a n y  

Ro be r t  R .  He rr i ng 
Cha i rman o f  t h e  Board a nd 

Ch i e f Ex e c u t i v e  Of f i c e r  
Hou s ton Na t ur a l  Ga s Corpo ra t i on 

Ru t h  J .  H i n e r f e l d , Pre s i d e n t  
Le ag u e  o f  Wome n Vo te r s  

o f  t h e  Un i t e d  S ta te s 

H .  D .  Hoopman 
Pr e s i d e n t  and 

Ch i e f Ex e c u t ive Of f i c e r  
Mara thon O i l  Company 

Mary Hud son , Pr e s i d e n t  
H ud son O i l  Company 

He nry D. Jacoby 
D i re c tor , Ce n t e r  f o r  En e r g y  

Po l i c y  Re s e a r c h  
M a s s a c h u s e t t s  I n s t i t u te 

o f  Te c h no l og y  
S l oa n  S c ho o l  o f  Mana g em e n t  

J o h n  A .  K a ne b ,  Pr es i d e n t  
Nor t he a s t  Pe t ro l e um 

I n d u s tr i e s , I n c . 

Jame s  L .  Ke te l se n  
Cha i rman o f  t h e  Boa r d  
Pr e s i d e n t  a n d  

Ch i e f  Ex e c u t ive O f f i c e r  
Te nneco I n c . 

Thom a s  L .  K i m ba l l  
Ex e c u t iv e  V i c e  Pre s id e n t  
Na t i o n a l  W i l d l i f e Fe d e r a t i o n  

Ge org e F .  K i rby 
Cha i rman and Pre s id e n t  
Te x a s  E a s te r n  

Tr a n sm i s s i o n  Corp . 

Ch a r l e s G .  Koc h 
Ch a i rman a n d  

Ch i e f  Ex e c u t i v e  Of f i c e r  
K o c h  I n d u s tr i e s , I n c . 



John H .  L i ch tb l a u  
Ex e c u t ive D i re c to r  
Ch i e f  Ex ec u t i v e  Of f i c e r  
Pe trol e um I nd u s t r y  

Re s e a r c h  Fo und a t ion , I n c . 

J e rry McA f e e  
Cha i rman o f  t h e  Boa rd 
Gu l f  O i l Co rpo r a t i o n  

Paul W .  Ma cAv oy 

K e n n e t h  E .  Mo n t ag u e  
Cha i rma n o f  t h e  Bo a r d  
GCO M i ne ra l s  Comp any 

J e f f  Mo n t g ome ry 
Cha i rman of the Boa rd 
K i rby Ex p l o ra t i o n  Company 

R .  J .  Mo r a n , Pr e s i d e n t  
Mo r a n  Bro s . ,  I n c . 

Th e M i l to n  S te i nb a c h  Pro f e s sor of Rober t Mo s b a c h e r 
Organ i z a t ion and Ma nag em e n t  
a n d  Econom i c s  

The Ya le S c ho o l  o f  O r g a n i z a t ion 
and Man ag eme n t  

Ya l e  Un i v e r s i ty 

Pe te r M a c Do na l d , Ch a i rman 
Co unc i l  o f  Energy Re s o u r c e  Tr i b e s  

D .  A .  McGe e , Cha i rma n 
Ke rr-Mc Ge e Corpo r a t i o n  

John G .  McM i l l i a n  
Cha i rman and 

C h i e f  Ex e c u t i v e  Of f i c e r  
Nor th we s t  Al a s ka n  

P i pe l ine Company 

Cary M .  Ma g u i r e , Pr e s i d e n t  
Mag u i r e  O i l  Compa ny 

C • E • Mar s h  , I I 
Pr e s i d e n t  
Ma l l ard E x p l or a t ion , I n c . 

W .  F .  Mar t i n  
Ch a i rman o f  t h e  Board and 

Ch i e f Ex e c u t ive Of f i ce r 
Ph i l l ips Pe trol e um Company 

Da v id C .  Ma s s e l l i 
Energy Po l i cy D i r e c tor 
Fr i e nd s of t h e  E a r t h  

F .  R .  Maye r 
Cha i rman o f  t h e  Boa rd 
Ex e t e r  Company 

C .  John Mi l l e r , Pa r t n e r 
M i l l e r  Bro t h e r s  

Jame s R .  Mo f f e t t , Pre s id e n t  
McMoRa n  E x p l o r a t i o n  Company 
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C .  H .  Murphy , Jr . 
C h a i rman o f  t h e  Bo ard 
Murphy O i l  Corpor a t i o n  

Joh n  H .  M u r r e l l  
Ch i e f  Ex ec u t iv e  Of f i c e r  and 

Cha i rman of Ex e c u t i v e  C omm i t tee 
De Go lye r and Ma cNa ug h to n  

R .  L .  O ' S h i e l d s  
Cha i rman and 

Ch ie f Ex e c u t i v e  Of f i c e r  
Panh and l e  Ea s t e r n  

P i pe L i ne Company 

John G .  Ph i l l ips 
Cha i rman of the Bo ard a nd 

C h i e f  Ex ec u t i v e  Of f i c e r  
The Lo u i s i an a  La nd 

& Ex p l o r a t i o n  Company 

T .  B .  P i cke n s , Jr . 
Pre s i d e n t  
Me s a  Pe tr o l e um Company 

L .  Fr ank P i t t s , Own e r  
P i t t s  O i l  Comp a n y  

Ro s emary s .  Poo l e r 
C h a i rwoman and 

Ex e c u t ive D i r e c tor 
Ne w Yo rk S t a t e  

Cons ume r P r o te c t io n  Bo a rd 

Do na l d  B .  Ri c e , P r e s i d e n t  
Ra nd Corpo r a t i o n  

Cor b i n  J .  Robe r t so n  
C h a i rm a n  o f  t h e  Bo ard 
Qu i n t a n a  Pe t ro l e um Corpor a t i on 



J ame s c .  Ro s apepe , Pre s id e n t  
Ro sapepe , F u c hs & As s o c i a t e s  

He nry A .  Ro s e n be rg , Jr . 
Cha i rman o f  t h e  Boa rd a n d  

C h i e f  Ex e c u t i v e  Of f i ce r  
Crown Ce n tr a l  Pe t r o l e um 

Co rpo r a t i o n  

Ne d C .  Ru s so , Pr e s i d e n t  
S t a b i l - Dr i l l  Spe c i a l t i e s , Inc . 

Robe r t  V .  S e l l er s  
Ch a i rman o f  t h e  Bo ard 
C i t i e s  S e rv i c e  Company 

Robe r t  E .  Se ymour 
C h a i rman of the Bo ard 
Con sol i d a te d  N a t u r a l  Ga s 

Company 

J .  J .  S i mmons , Jr . 
Pre s i d e n t  
S i mmon s Roya l ty Company 

Th eodore S n yd e r , Jr . 
Pre s i d e n t  
S i e rra Cl ub 

C h a r l e s  E .  S p a h r  

Jo hn E .  Swe ar i n g e n  
Cha i rman o f  the Board 
S t and ard O i l  Company ( I n d i ana ) 

Ro be r t  E .  Th oma s  
Cha i rman o f  t h e  Boa rd 
MAPCO I n c . 
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H .  A .  Tr ue , J r . 
Par t n e r  
Tr ue O i l  Comp a n y  

M a r t i n  Wa rd , P r e s i d e n t  
Un i te d  As s o c i a t i o n  o f  Jo u r n e ymen 

and Appre n t i c e s  of the 
Pl umb i ng a n d  P ip e  F i t t i n g  
I n d u s t r y  o f  t h e  Un i te d  S t a t e s  
a n d  C a n a d a  

Rawl e ig h  War n e r , Jr . 
C h a i rm a n  o f  t h e  Bo ard 
Mob i l  Corpor a t i o n  

John F .  Wa rre n 
I n d epend e n t  O i l  Op e r a tor/Pr od u c e r  

Le e c .  Wh i te , Pr e s i d e n t  
Con s ume r Ene rgy Co u n c i l  

o f  Ame r i c a  

Al ton W .  Wh i t eho u s e , Jr . 
Cha i rman o f  t h e  Board a n d  

Ch i e f Ex e c u t i v e  O f f i c e r  
Th e S ta nd ard O i l  Company ( Oh i o ) 

Jos eph H .  W i l l i am s  
C h a i rm a n  o f  t h e  Board a nd 

Ch i e f Ex e c u t ive Of f i c e r 
Th e Wi l l i am s  Compan i e s  

Ro be r t  E .  Y a nc e y , Pr e s i d e n t  
As hl and O i l , I n c . 



NAT I ONAL P ETROLEUM C OUNC I L  

CHAI RMAN 

Je rry McAfe e 

Chariman of the Bo ard 
Gul f Oi l C orp ora t ion 

EX OFF I C I O  

C .  H .  Murphy , Jr . 
Chai rman 
Nat i onal Petro l eum Coun c i l 

COMMITTEE ON 
REF I NERY F LEX I B I L ITY 

SEC RETARY 

Marsha l l  W .  N i cho l s  

GOVERNMENT COCHAI RMAN 

C .  Wi l l i am F i s ch e r * 

Deputy As s i s t ant S e c re t ary 
for P o l i c y  and Evaluat ion 

U . S .  D ep artment o f  Energy 

EX OFF I C I O  

H .  J .  Hayn e s  
Vi ce Chai rman 
Nat ional P e t ro l eum Coun c i l  

Deputy Execut ive Director 
Nati onal Petro l eum C o un c i l  

Rob e rt 0 .  An ders on 
Chai rman of the Board 
At lant i c  R i ch fi e l d  C omp any 

G l enn C .  F e rguson 
Ferguson & Bosworth 

R .  I .  G al l and 
Cha irman of the Board 

* 

Ame rican P e tro fina , I n corpo rat ed 

C .  C .  G arv i n ,  Jr . 
Chai rman o f  the Bo ard 
Exxon Corp o rat i on 

James F .  G ary , Chairman 
and Ch i e f  Execut ive Offi c e r  

Pacific Res ources , Inc . 

Me l vin H .  Gert z ,  Pres iden t  
Gual O i l & Re fining Comp any , Inc . 

F .  D .  Got twal d ,  Jr . 
Chi e f  E xecut ive Offic e r ,  

Chai rman o f  t h e  Bo ard and 
Chai rman of Executive Commi t t e e  

Ethyl C o rporat i on 

* 

* Rep l ac e d  Hon . Alvin L .  A l m ,  Novemb e r  1 9 7 9 . 
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* 

Al l an G r ant , P re s i dent 
Ame r i c an Farm Bureau F e deration 

Alvin F .  Grosp iron 
I mme d i a t e  Past Pre s i dent 
Oi l ,  Chemi cal and At omi c Workers 

Inte rnational Un ion 

Fred L .  Hart l ey 
Chai rman and P re s i dent 
Union O i l  C omp any o f  C a l i fo rn i a  

Leon He s s  
Chai rman o f  the Board 
Ame rada He s s  C o rpo rat ion 

Mary Huds on , Pres i dent 
Hudson Oi l C omp any 

Pro fes s o r  Henry D .  Jacoby 
D i re ct o r ,  Center for Ene rgy 

Po l icy Re s e arch 

Mas s achus e t t s  I n s t i t ut e  of Te chno logy 

Char l e s  G .  Koch 
Chai rman and Chi e f  E xe cut ive Offi cer 
Koch Indust r i e s , I n c . 



RE F I NERY FLEX I B I L I TY 

John H .  L i chtb l au 
Execut ive D i rect or 
Chi e f  Exe cut i ve O ff i ce r 
Petro l e um I ndus t ry Re s e a rch 

Foun da t i on ,  I n c . 

David C .  Ma s s e l l i  
Energy P o l i cy Di rect o r  
Friends o f  the E arth 

Ros emary S .  P oo l e r  
Chairwoman and Execu t i v e  Di rector 
New York S t at e  C on sume r Prote c t i on 

Boa rd 

Donal d B .  Ri ce , Pres i dent 
Ran d Corporat ion 

Henry A .  Ro s enberg , Jr . 
Chairman o f  t h e  Bo ard and 

Chi e f  Exe cut ive Offi ce r  
C rown C e ntral P e t r o l eum C o rpora t i on 
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Theodore Snyder , J r .  
Pres i dent 
S i e rra C l ub 

0 .  J .  Taub e r , Sr . 
Chai rman 
Taub e r  Oi l C ompany 

Mart in Ward , Pres i dent 
Un i t e d  A s s o c i at i on of J ourneymen 

and Apprent i ce s  o f  the P l umb ing 
and Pipe F i t t i n g  I ndus t ry of the 
Un i t e d  S t a t e s  and C anada 

Robe rt E .  Yan c e y , P re s i dent 
Ash l and O i l ,  I n c . 



CHAI RMAN 

Warren B .  Davis 
Ch i e f  E c onomi s t  
Gu l f  Oi l C o rp o rat i on 

Lawrence J .  Go l ds tein 
Senior E conomi s t  
Petro l eum I n dus try Re s earch 

Foundat i on , I n c . 

John R .  Ha l l  
Vi ce Chai rman and 

Chi e f  Op e rat i ng Offi cer 
Ash l and Oi l ,  I n c . 

Henry D .  J a coby 
Di recto r ,  Center for Ene rgy 

Po l i cy Re s e arch 

NAT I ONAL P ETROLEUM COUNC I L  

C OO RD I NAT I NG SUBCOMMI TTEE 
OF THE COMM I TTEE ON 
RE F I NERY F LEX I B I L I TY 

SECRETARY 

Mars hal l W .  Ni cho l s  

GOVERNMENT COCHAI RMAN 

Frank A .  Ve rras t ro 
E x e cut ive As s i s t ant to 

As s i s t ant Se cre tary fo r 
Int e rna t i onal Affairs 

U . S .  Dep artment of Ene rgy 

D eputy Execut ive D i re c t o r  

National P e t ro l eum C o unc i l  

* * * 

F r e de r i ck C .  Sp reyer 
Government Affairs Rep re s entat ive 
P a c i fi c Re s ources , I n c . 

S .  E .  Wat t e r s on , Jr . 
C o rp o rat i on Manager 
Tank e r  and D i s tribut i on 

P l anning St a ff 
S t an dard O i l C omp any of C al i fo rn i a  

E l l e n  Winche s t e r  
S i e r r a  C l ub 

Mas s achus e tts Inst i tut e o f  Te chno l o gy 
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CHAI RMAN 

J ohn R .  Ha l l  
Vi ce Ch airman an d 

Chief Ope rat ing Offi c e r  
As h l and Oi l ,  Inc . 

ASSI STANT TO CHA I RMAN 

L l oyd E .  Bus ch 
Vice P r e s i d en t  
Op e ra t i ona l P l ann in g  
Ash l and O i l , Inc . 

F .  D .  Denn s t edt 
Seni o r  Vi ce P re s i dent 
Exxon Company , U . S . A .  

Cha r l e s  W .  E l s e ,  P r e s i dent 

Sout h l and O i l Comp any 

Richard N .  Hancock 
V i ce Pres i dent 
Pro c e s s  P l an t s  Sal es 

NAT I ONAL P ETROLEUM C OUNC I L  

REF I NERY CAPAB I L I TY TASK G ROUP 
OF THE COMMITTEE ON 
RE F IN E RY F L EX I B I L I TY 

* * 

G OVERNMENT COCHA I RMAN 

Eugen e L .  P e e r  
Di re c t o r ,  Supp l y  I n i t i at ives 
O i l  and Natural Gas Supp l y  

D ev e l opment 
U . S .  Dep artment of En e rgy 

SEC RETARY 

Ray W .  Wh i t s on 
Cons u l t ant 
National P e t r o l e um Coun c i l  

* 

D a l e  Kings l ey 
Vi ce P re s i dent 
Re fining Admin i s t rat ion 
CRA , Inc . 

J ames H .  McDonal d 
V i c e  P re s i den t 
Supp l y ,  Tran s p o rt at i on and 

Refining Coordinat i on 
Gul f O i l  C ompany - U . S . 

Foster Whe e l e r  En e rgy C orp orat i on 

J .  F .  Ho rner 
Vi ce Pres ident 
Refinery an d Eng i n ee r ing 
Standard O i l  Comp any ( In di an a )  
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A .  John Morri s ,  Pre s i dent 
Crown Central P e t ro l e um Corporation 

E l mer L .  Wink l e r ,  P re s i dent 
Ro ck I s l an d  Re fi ning Corporat ion 



NAT I ONAL PETROLEUM COUNC I L  

O I L  SUP P LY , D EMAND AND LOG I ST I C S  TASK G ROUP 
OF THE COMMITTEE ON 

CHAI RMAN 

S .  E .  Watters on , Jr . 
Corporat i on Manager 

REF INERY F LEX I B I L ITY 

Tanker an d D i s t ri but i on P l anning St aff 
Standard Oi l C ompany o f  C a l i forn i a  

SEC RETARY 

Marshal l W .  Ni cho l s  

GOVERNMENT C OCHA I RMAN 

Wi l l i am R .  Veno * 

P o l i cy and Evaluation 
O ffice o f  An a l yti cal Serv i ces 
U . S .  Dep a rtment o f  Ene rgy 

Dep uty Executive D i re c t o r  
Nat ional P e t ro l eum Counc i l  

* 

Dan i e l  L .  Dav i s  
Vi ce Pre s i dent - Re s i dual Products 
Tauber Oi l C omp any 

John N .  Garrett 
Manager - Bus ine s s  Re s e ar ch 
Gu l f  Ene rgy an d Mine rals C ompany 

J .  James Hur ,  Manager 

In format i on Sys t ems an d S e rv i ces 
At l ant i c  R i chfie l d  Comp any 

* 

* Rep l ac e d  Rob e rt S .  Lon g ,  Septemb e r  1 9 7 9 . 
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* 

J .  R .  Maroni 
En e rgy P l anning Manager 
F o rd Mot o r  C omp any 

D av i d  C .  May 
S t a ff D i r e c t o r  
Indus t r i a l  Demand Ana lys i s  
St andard O i l C ompany ( I n d i an a )  

Paul A .  S aurer 
As s o c i at e  Chi e f  Economi s t  
Te xaco I n c . 




